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An Invitation to the New Golden Age 

We were 7,300 feet up in the San Bernardino Mountains, 

sitting beneath pine trees and a crisp blue sky. It was the 1987 

Riverside Telescope Makers Conference, and Clyde Tombaugh 

had an hour earlier completed an encore standing-room-only 

presentation in the Camp Oakes meeting hall about his dis¬ 

covery of the planet Pluto in 1930. 

Now I was talking with David Levy, the amateur astronomer 

who had introduced Tombaugh, someone Levy has gotten to 

know well in the long months he has spent interviewing Tom¬ 

baugh for the biography he is writing. 

But as a steady stream of people walked along the dirt road 

called Telescope Alley, which links the upper observation field 

to the lower (and which was lined with dealer tables as man¬ 

ufacturers dumped their overstock from Comet Halley), it was 

Levy himself who held my interest. 

Amateur astronomy has entered a new Golden Age in which 

opportunities for amateurs to make significant scientific con¬ 

tributions have already opened and are expected to increase at 

least through the end of the century. And in many ways Levy 

was a good example of what makes our time such a fine one 

for the amateur astronomer. 

Levy can proudly say, CCI have never in my life taken a course 

in astronomy. I officially know absolutely nothing about as¬ 

tronomy. I don’t even know what the word means, officially.” 

Yet he wore a baseball jacket the back of which sported a 

cartoon of a smiling comet and the inscription “Comet Levy- 

Rudenko, 1984t,” something which celebrated the first comet 

he had discovered. 

At the time of our conversation, Levy had already discovered 

another comet, less than five months later he would find his 

third, and just as this book was going to press, he discovered 

his fourth. As we talked, Levy was greeted by a good many 

friends, some of whom stayed to join the conversation. At one 

point someone stopped, looked at Levy, and then to Doug 

Berger, who had discovered Comet Kobayashi-Berger-Milon 

1975h, and then to Don Machholz, who had discovered Comet 

Machholz 1978/, Comet Machholz 1985e, and Comet Mach¬ 

holz 1986e. The passerby interrupted us just long enough to 

say, “I can’t help commenting on the high density of comet 

discoverers here.” 

Brian Marsden, director of the Central Bureau for Astro¬ 

nomical Telegrams at the Harvard-Smithsonian Center for As- 

CHAPTER 

ONE 



trophysics, once wrote a congratulatory letter to Machholz 

pointing out that for the first time in this century, the United 

States boasted three amateurs who had actively found at least 

two comets each. 

Someone told a story about how a friend’s grade school 

daughter listened to the teacher talk about Halley’s Comet one 

day. The teacher said comets were very rare, that only a few 

persons ever got a chance to see one, and that you would never 

meet anyone who had actually found one. 

Everyone broke into laughter at the truthful punch line: The 

daughter raised her hand and said, “I’ve met five!” 

Levy laughed especially hard and said, “And they’ve prob¬ 

ably all been over to the house for dinner!” 

THE GREAT NEED FOR AMATEURS 

Dr. Janet Mattei, director of the Association of Amateur Var¬ 

iable Star Observers (AAVSO) had been interrupted by ap¬ 

plause several times the previous evening when she presented 

her lecture, “Contributions of Amateurs to Space Research.” 

She spoke of the importance of the huge variable-star data¬ 

base created by AAVSO observers to professional astronomers, 

and of how the organization is regularly contacted by profes¬ 

sionals who need to know the history of variable activity for 

certain stars so they can correlate it with related findings, such 

as the detection of stellar X-rays. 

Thirty thousand variable stars have already been located. 

There aren’t enough professional astronomers or telescopes to 

monitor the variations of light intensity coming from these 

stars. This is why much of Dr. Mattei’s lecture came back to 

the enormous contribution that AAVSO amateurs are making 

and the need for more amateurs to join in this monitoring 

NEW HORIZONS effort. She described several projects in which AAVSO ob- 
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- long lists of variable stars so that an X-ray detection satellite 

8 could be aimed at whichever variable was erupting. 

Mattei told the Riverside audience of approaching Dr. Ric- 

cardo Giacconi, the Harvard astrophysicist who at the time was 

directing the science work for a new X-ray satellite, HEAO-2 

(High Energy Astrometric Observatory). 

“I wanted to have the AAVSO observers again be involved. 

I remember very vividly going to Dr. Giacconi’s office. I had 

never met him before. He had never worked with amateur 

astronomers. So here comes this little woman into his office 

to say, cDr. Giacconi, I would very much like to have our 

observers collaborate with observers working with HEAO-2.’ 

“He said, Who are your observers?’ He listened to me very 

kindly, but I could see a big question mark in his mind. Here 

was a satellite he had worked on for many years, a very so¬ 

phisticated X-ray satellite, and we were telling him we were 

going to help him. He said, Well, let me think about it.’ 

“A few days later he called me and said, T’ve just talked with 

some of the astronomers that you’ve helped with HEAO-1. 

I’m just delighted to hear the stories that they tell me! Appar¬ 

ently they can’t do their experiments without amateur astron¬ 

omers. This really surprised me. I can’t believe that amateur 

astronomers with their six-inch telescopes are telling us where 

to point the satellite!” 

There were approximately one hundred stars that the as¬ 

tronomers wanted to observe with HEAO-2, and the moni¬ 

toring provided by the AAVSO amateurs was so complete and 

so immediate that Dr. Giacconi carried his high regard for 

amateurs to his next job: director of the Space Telescope Sci¬ 

ence Institute. Dr. Giacconi announced that observation time 

would be set aside for amateurs on the Hubble Space Telescope. 

Scientists all over the world are fighting for time slots on 

what will be the greatest eye on the universe that humanity 

has yet created. With viewing time in such great demand, Dr. 

Giacconi found a way to let amateurs in through the front door 

without having to scramble against the others. He has given 

amateur astronomers some of the priceless time that had already 

been allotted for himself. 



MICROCOMPUTERS 
AND BIG REFLECTORS 

Riverside is a telescope-makers’ conference, so much of the 

daylight fun comes from walking around sprawling Camp 

Oakes to see the magnificent instruments that stand as proud 

displays of craftsmanship and engineering. David Gedalia, of 

California’s San Fernando Valley, attracted a lot of attention 

by day and by night with his 10-inch reflector on a servo- 

controlled Dobsonian mount. This was set up near the back 

of his pickup truck on the upper field, and on the tailgate of 

the truck was a simple 64K Atari 800 computer running a star¬ 

finding program that Gedalia had written himself. 

He had all the objects from Messier (the classic catalog of 

104 prominent galaxies, nebulae, and other objects identified 

in the late 1700s) and several hundred objects from the more 

voluminous New General Catalog. It was so nice at night to 

see him enter a Messier number, hit “Return,” and listen to 

the purr of the servos as they positioned the object right in the 

center of the eyepiece field. His system wasn’t set for sidereal 

tracking, but if he pressed “Enter” again, the computer would 

calculate the updated position and move the scope back into 

center field. 

Elsewhere on the grounds was Tom Quinn of the Orange 

County Astronomers, who was also working with a tailgate 

computer. He was running his images through a homemade 

CCD low-light video camera, something which opens the pos¬ 

sibility of storing magnitude information or planetary detail 

for later comparison and review. 

And on the lower field Efren Mendez, Jr., of Los Angeles 

was star-hopping with his 16-inch Newtonian, using a com¬ 

puter printout that he had brought from home. He had put 

the program together, he said, “mostly using code from articles 

in Sky & Telescope magazine.” 

Several months later I would travel to a nice dark sky area 

in northwestern Washington state and see Howard Louth, who 

has built a gorgeous 11-inch Maksutov, built the photometer 

on the back of it, built the picture-perfect domed observatory 

that houses all this, and programmed the Commodore that 

guides him from one eclipsing variable to the next, and then 

provides a printout of the photon counts for the background 

sky, the variable, and the four comparison stars. 

Other amateurs have built observatories so automated that 

they will turn themselves on, open the dome, move the tele¬ 

scope, collect the data, and progress to the next object on the 

list to be observed. Should it begin to rain, sensors will au¬ 

tomatically close the roof and shut the telescope down for the 

night. 

Today’s amateur has available resources that surpass much 

that was the professional’s state-of-the-art only a few years ago. 

For $300 you can buy a computer considerably more power¬ 

ful than the multimillion-dollar mainframes that were used by 

NASA in the 1960s to get us to the moon. For the price of a 

Macintosh II with its Motorola 68020 chip, or for the price of 

a Compaq 80386 or clone thereof, you can virtually have the 

power of a present-day university mainframe workhorse such 

as the Digital VAX. 

Added to computer power has been the John Dobson-style 

telescope, in which a lowly cardboard tube unites your eyepiece 

with the light-gathering power of a 10-inch, 16-inch, 24-inch, 

or larger mirror—for a fraction of what a more traditional 

reflector of similar aperture might cost. 

Solid-state technology and automated assembly plants have 

brought down the price of video recorders, photometers, and 

charge-coupled devices, which merge well with computer and 

telescope. 

It might be a while before you can buy a Dobsonian 200- 

inch, but we have reached the point where a determined am¬ 

ateur could put together a private observatory that would 

surpass in aperture and especially in computing power many 

of the quainter professional observatories still functioning in 

the world today. 
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David Gedalia has linked 
his 10-inch Dobsonian- 
mounted reflector to a 
computer that automati¬ 
cally moves his scope from 
one deep-sky object to an¬ 
other. Photo by David 

Gedalia 
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Howard Louth with the 11 

inch Maksutov he built 

completely from scratch. 

Photo by Alan Macfarlane 
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IN SERVICE TO SCIENCE 

The availability of high-quality equipment is one of the reasons 

that people like Dr. Brian Marsden and Dr. Janet Mattei can 

call this a Golden Age for amateurs who want to make solid 

scientific contributions to astronomy. But both Marsden and 

Mattei are concerned that not enough amateurs have become 

aware of the significance of what they can do for science. 

Marsden speaks highly of the work of comet hunters David 

Levy, Michael Rudenko, and Don Machholz, and of nova hunt¬ 

ers Peter Collins and Kenneth Beckmann. When looking at 

amateurs worldwide, he points to the 15 supernovae discovered 

by an Australian minister named Robert Evans, and to the 5 

comets and 4 novae of Great Britain’s George Alcock. And he 

points to the 13 comets of Australia’s Bill Bradfield and the 

12 of Japan’s great master, Minoru Honda. 

Marsden just wishes that the world, and in particular the 

United States, had more amateurs interested in science. After 

describing the impeccable work on asteroid orbits done by 

Japanese amateurs, he said, “A general statement that is made 

about American amateurs is that they like to make telescopes. 

They don’t necessarily use them, but they like to make them. 

In other countries the amateurs use the telescopes, often with 

much worse skies—like in northern Europe and Japan.” 

And Janet Mattei after her trip to Riverside said, “I was 

really impressed by some of the large telescopes I saw at Riv¬ 

erside, but at the same time I felt very sad. I talked to some 

of the people and asked them what they did with their tele¬ 

scopes.” 

Dr. Mattei, who considers anything 10 inches or more a 

large scope, was dismayed by the answers. “All they do is just 

look and sightsee in the sky. They don’t have a specific observing 

program. I feel that if an observer has a good-sized telescope, 

if I may say so, it is almost a crime not to put that good 

instrument to good use. “Whoever has a good-sized telescope, 

and really wants to contribute to astronomy, we welcome.” 

Dr. Mattei then hastened to add that a large telescope isn’t 

required for AAVSO work, and that some of their most active 

and valued observers use binoculars. With 30,000 stars to mon¬ 

itor, there is a range in magnitude to match any range of 

equipment. 

But it is a nice compliment to all of you with big scopes out 

there that there are professional astronomers who would very 

much like to enlist you and your telescope to do research work 

in the name of science. 

And that is what this book is intended to encourage you to 

do. So you won’t have to fumble for an answer on some future 

day when someone asks what you were doing in the Golden 

Age, this book provides a sampler of some of the more inviting 

areas in which an amateur can become involved. 

Each chapter looks at a different program. Some programs, 

such as meteor observing and satellite tracking, require nothing 

more than good eyes. Others, such as nova searching and to 

some extent comet hunting, require only binoculars. And any 

of the remaining programs can be conducted with no more 

than six inches of aperture, and often less. 

In one sense this book is like a corridor along which you 

will find several doors. Each chapter is a door that will enable 

you to enter a different realm of astronomy. The tour will be 

provided by the best amateurs in the field. 

Time after time you will find the amateur experts encour¬ 

aging you to give their field of interest a try, and suggesting 

that to do so may change your life. There is plenty of sky to 

be surveyed and there are so few who are actually doing the 

work that there is room for you to make a difference. 

And what may you expect in return? 

The more you give to astronomy, the more it gives back— 

in a generously disproportionate manner. For some reason, the 

stellar universe is like that. 

On that blue-sky day at Riverside, as we bided our time 

until the return of the stars, David Levy said, “When you set 

up your telescope and you take the cover off of it and look 

through your eyepiece, you are using that telescope as a tele¬ 

phone to the stars. You are actually talking to the stars and 



OBSERVING RECORD Date: Session # 
Sample page for an observ¬ 

er's notebook. Yours can 

be tailored to fit your 

needs. 

Time Started _ 

Time Finished: _ 

Sky Conditions _ Seeing Conditions: _ 

Equipment Used: _ 

Others Present: _ 
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listening to them. ... It is almost as if you make friends with 

these things. 

“I don’t think you can be a true amateur without having a 

passion for it,” Levy said. “Amateur astronomy in my mind is 

not a hobby. It is not something you do when there is nothing 

else to do. Astronomy is a consuming thing. There is so much 

happening up there.” 

With us that day was John Griese, an AAVSO council mem¬ 

ber who, in addition to his professional work at the Van Vleck 

Observatory at Wesleyan University, does amateur variable- 

star observing for the Stamford Observatory. Griese was wear¬ 

ing an Alice Springs hat he had picked up while photographing 

Comet Halley in Australia the year before, and just a few days 

prior to Riverside he had arrived home from an expedition to 

Tahiti to photograph Supernova 1987A. 

Passion for stars is something that Griese has in plenty. “I 

think, somehow, observing reaches into a person, if you are at 

all sensitive,” he said. “It reaches in and twangs some nerves 

that might not get twanged by other experiences. There are 

emotional nerves that get plucked by the act of observing, by 

watching what’s going on up there.” 

We talked some more and then Griese said, “Basically I’m 

in love with the stars. I’m out there and all those stars out there 

are friends. I’m in love with them. And always have been. And 

always will be.” 

Several months later, Don Machholz would tell me that he 

began hunting for comets just so he would be forced to spend 

time with the night sky that meant so much to him but was 

all too easy to ignore in the absence of a formal observing 

program. “I would feel bad when M65 and M66 were setting 

every summer and I hadn’t seen them yet,” Machholz said. 

“The whole season would go by and I hadn’t seen them.” 

Machholz asks the Smithsonian to shield him from press 

inquiries when he finds a new comet, so this shy person means 

it when he says, “A lot of the reward is in the searching. Finding 

a comet is kind of a fringe benefit to all the searching.” 

Nova hunter Peter Collins dropped out of the Harvard as¬ 

tronomy program because he felt the theoretical studies were 

taking him far from his relationship with the eyepiece. Today 

he works as a computer programmer by day and searches the 

clear Arizona skies at night. 

His nova finds represent solid contributions to science but, 

he said, “what I do is not just scientific. I guess you could call 

it aesthetic. It’s almost mystical. It is something that has to do 

with an experience, not just collecting information. 

“It is the difference between looking at a photograph of the 

North American Nebula and actually seeing it; or the difference 

between studying a diagram of the physics of the North Amer¬ 

ican Nebula and actually seeing it. 

“The experience I’ve chosen to savor is working visually 

under the night sky,” Collins said. “Yet at the same time I’m 

actually doing specific programs and specific kinds of work. I 

find that it’s kind of a compromise between being a scientist 

and being a poet or an artist or something. This is the com¬ 

promise point that I prefer.” 

Past midnight one morning at Riverside, as observers were 

coming into the meeting hall to warm up with conversation 

and coffee, and as David Levy played amateur classics such as 

“How Much Is That Eyepiece in the Window?” on an old 

upright piano, Gerald Ratley of Gilbert, Arizona, spoke of the 

adventures and joys he has had leading expeditions to record 

the grazing occultations of a star blinking in and out of view 

as it outlined the very tops of the uncharted mountains of the 

moon’s poles. 

With such ecstasy he recalled his best trip ever: 18 events! 

The star popping in and out, and in and out, and in and out 

of view as he gathered information that would enable the In¬ 

ternational Occultation Timing Association to fill in the profiles 

of lunar faces that are otherwise invisible to us. 

Yet when I later talked to Dr. David Dunham, the founder 

of this highly regarded organization of amateur observers, he 

spoke of the grazes that go unrecorded for the lack of an 

expedition organizer in the proper geographic locations. 

You couldn’t hear Ratley speak of the excitement without 



Use your telescope "as a 

telephone to the stars" is 

what amateur David Levy 

suggests. This shot of the 

Rosette Nebula was made 

with an eight-inch f/5 

Newtonian. This striking 

photo, like much of ama¬ 

teur astronomer Hugh En- 

trop's work, was taken 

from his backyard beneath 

the light-polluted skies of 

Seattle. Photo by Hugh En¬ 

trap 
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wanting to get your time-keeping radio, tape recorder, and 

telescope out on a graze path. And so it goes, in example after 

example. Once an observer learns the way, opens the door, 

there is a wondrous world waiting to be enjoyed. And those 

few whom you will meet already dwelling within that world 

will prove most generous and welcoming, as they are always 

looking for more. 

I once remarked to Peter Collins that nova patrolling seemed 

to make up a nice part of his life. He let the comment ride for 

several minutes before coming back to it and saying, “What 

do you mean part of my life?” 

Years ago Collins read a book about surfers by Tom Wolfe 

called The Pumphouse Gang. He identified with much of what 

was said about the exuberant life of those who have found a 

source of special joy. He compares people who make a living 

building surfboards three hours a day so they can ride waves 

the rest of the time to amateur astronomers who hold down 

an unrelated job by day to support their life’s work at night. 

“And there’s the feeling that you’ve got this absolutely mar¬ 

velous thing that nobody understands, and you don’t even 

worry about that.” 

And so it is in search of such “absolutely marvelous” things 

that this book is launched, with the hope that the passions and 

pursuits chronicled here might ring true to all of you who 

happen to find this book and read it. 

THINGS TO DO 

If you would like to learn more about what is happening in astronomy 

and keep up with the most recent developments, you might want to 

begin reading the two major amateur magazines in the field: Sky 

& Telescope and Astronomy. Both magazines are fairly easy to 

find at libraries, magazine shops, and the more complete bookstores. 

If you like what you see, both have subscription cards inside. Their 

addresses are listed in the Resources section of this book. Most am¬ 

ateurs who subscribe to one also subscribe to the other. 
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Sidewalk Astronomy 
CHAPTER 

TWO 

He is a holy man. He lived twenty-three years within the walls 

of monasteries, in contemplation and meditation, and in awe 

of the truths to be found in the night sky. 

He is a holy man who ground his first mirror from a 12- 

inch piece of porthole glass, taking sand from the ground to 

grind it, and experimenting with a mixture of monastery garden 

supplies to create a rouge for final polishing. 

He is a holy man who upon seeing the craters of the moon 

for the first time said, uMy God! Everybody in this world has 

to see this!” And because John Dobson did not make such 

statements loosely, he attached some discarded toy wagon 

wheels to the world’s first Dobsonian telescope and pushed it 

through the neighboring streets. ccWhat is that?” a child would 

ask. “A telescope,” Dobson would respond. “Would you like 

to borrow it?” 

The spiritual Holy Land for many amateur astronomers is 

outside Springfield, Vermont, at a place called Breezy Hill. 

And so it was fitting that Dobson should have the chance to 

deliver his special sermon beneath the stars to the twenty-five 

hundred astronomers gathered there for the 52nd Annual Stel- 

lafane Convention. His talk was titled “That All May See This 

Universe,” and in it he introduced a new manner of determin¬ 

ing the value of a telescope. 

“To me it is not so much how big your telescope is,” he 

said. “It’s not so much what the figure of the mirror is, or the 

lens, or what have you. It’s not so much what pretty pictures 

it takes. It’s how many people, in this vast world, less fortunate 

than you, have had a chance, through your telescope, to see 

and understand this world.” 

BECOMING A GUIDE TO THE STARS 

These words from John Dobson have brought us to the first 

doorway that an amateur may choose to explore: sidewalk 

astronomy. Sidewalk astronomy is sharing with others what 

you have learned about the sky. You become a teacher and a 

guide; in the process of giving there will be much that you 

will receive. 

Sidewalk astronomy can be done by yourself. It can be done 

with one or two astronomy friends. It can become part of the 

regularly scheduled events of your local astronomical society. 

Perhaps as much as anything, it is a state of mind, and that 17 



A Dobsonian by Dobson. 

John Dobson builds one of 

his famous telescope 

mounts while his son looks 

on. Dobson was in the 

home of Tacoma, Wash¬ 

ington, amateur astrono¬ 

mer Bobby Fisher when 

Mrs. Fisher complained 

about the weight of her 

equatorial mount. Dobson 

built her a new lightweight 

Dobsonian mount on the 

spot. Photo by Bobby 

Fisher 
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mindset is that your telescope takes on additional value with 

each new eye that sees its light. 

The equipment required is certainly minimal. Fve gone to 

public star parties with no equipment at all, just a working 

knowledge of the sky and some stories to tell about vain old 

Cassiopeia, poor little Andromeda, the heroics of Perseus, and 

the magnificence of the great winged horse Pegasus. 

People assume the sky is too vast even to begin to learn, but 

in the summer you can guide them from the Big Dipper to 

the North Star, and from the North Star to however much of 

the Little Dipper the surrounding light pollution will allow to 

be seen. From here they can be guided along the curving mas¬ 

siveness of the Dragon. 

By the time you take them back to the Big Dipper to follow 

the handle’s arc to Arcturus and star-hop to Bootes and Corona 

Borealis, to the Keystone of Hercules, to the Summer Triangle 

and the Northern Cross, you have allowed them to go dancing 

across the great celestial sphere that they thought they could 

never hope to know. 

In winter skies, a surprising number of people who can point 

out the belt of Orion don’t know the rest of the constellation 

that so majestically frames it. They don’t know that Betelgeuse 

and Gamma Orionis mark the shoulders of Orion, nor that 

Rigel and Kappa Orionis mark his knees. It is only within this 

towering framework that the belt and sword of Orion can be 

appreciated in their fullest grandeur. 

Constellations also enable you to talk about stellar distances 

and apparent magnitudes. And you can begin to convey some¬ 

thing of the wonders of the universe just by explaining that 

brilliant blue-white Rigel burns with the power of57,000 suns, 

or by explaining why Betelgeuse is gleaming gold in its golden 

years. You can pass this information on to others, and you will 

know that something nice has happened when you return to 

find that those you’ve just guided are now sharing what they’ve 

learned. 
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-☆- 
HOW TO ORGANIZE A STAR PARTY 

One of the finest things an amateur astronomer can do is to use his or her knowledge 
of the heavens to introduce the great beauty of the universe to others. And one of the 
more effective ways of doing this is through public star parties. 

How do you organize a star party? A good first step is to join your local astronomical 
society. The society might already be organizing star parties. If so, how effective are 
they? If not, get something started. Here are some suggestions: 

• Find a place in town where there will be plenty of accidental foot traffic. 
• Accept the fact that you probably won't have great, dark skies. Remember that 

you have to be where the people are to introduce them to the night sky. 
• Get as many club members as possible to bring their telescopes out to the location, 

and get things set up before dark. The telescopes don't have to be awesome. With star 
parties, the more telescopes the merrier. It can be more fun looking through a 4-inch 
reflector than standing in a long line waiting for a peek through a 16-incher. 

• Establish a regular schedule and stick to it. For instance, the Seattle Astronomical 
Society holds a star party (weather permitting) on the Saturday of the new moon. The 
location is always the same public park, too. I've asked people how they knew about 
the event, and a surprising number come simply because they remember our new- 
moon policy. 

• Work on publicity. Newspapers can be coaxed into writing long "feature stories" 
about your events. Many newspapers also have regular "Weekend Activity" or "Coming 
Attractions" columns that list events—especially those that are free to the public. 

• Follow the example of the Seattle club, which has also been able to get television 
weathermen to announce star parties. One of our members, who likes to connect a 
video camera to the back of his 11-inch Celestron, will offer beautiful footage to the 
local stations, which also helps to get star-party announcements. 

• Take seriously John Dobson's advice to "arm yourself with knowledge" so that 
you can do more than just show people a light in the sky. Captivate them with the 
story behind what they are looking at. 

• And finally, remember what John Dobson says about the value of telescopes being 
measured not by the size of the mirror, but by how many people "have had a chance, 
through your telescope, to see and understand this world." 

- ☆ - 
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We always have some nice big Dobsonians at our Seattle 

Astronomical Society’s star parties at Gas Works Park, but I 

think I can get nearly the same response when sharing the 

Pleiades or Hyades through a wee refractor I made from a 

surplussed Xerox copier lens and some old PVC pipe, or from 

a four-inch Astroscan that I set up on top of two upended milk 

crates to view the brighter objects of the Messier. 

It may even be beneficial to show people objects through 

smaller telescopes, if only to give them an even greater appre¬ 

ciation when they look through the big light buckets found 



elsewhere in the park. But beyond that, I have found that when 

working with a smaller telescope I tend to prepare viewers with 

better information before having them peer into the eyepiece. 

People are used to seeing galaxies as stunning magazine 

photographs taken through instruments like the Hale 200-inch. 

So before I show someone Andromeda through one of my 

scopes I will explain that what they are seeing will be like a 

faint cloud, because they are looking into another world. I will 

point to all the other stars in the sky and tell them that every 

last one of them is a member of our Milky Way, and that the 

little star cloud I’m showing them is our nearest spiral galaxy 

neighbor. I’ll tell them that there are 400 billion stars within 

that cloud and that the light they will be seeing has been 

traveling for more than two million years to get here. 

When I show them the Great Nebula in Orion I tell them 

that the bit of cloudiness they see surrounding the stars is a 

stellar nursery. When working with an instrument large enough 

to show the Trapezium, I say that they are looking at crying 

infants that are only 25,000 years old and probably still grow¬ 

ing. Let them know that the nebulosity of M42 is 15 light- 

years across and that within that hydrogen nursery cloud 

20,000 of our solar systems could fit end to end. 

John Dobson’s request to all sidewalk astronomers is: “Arm 

yourself with information!” 

At the best of times the stars become visual aids in an ex¬ 

perience in which the first-time observers are learning more 

about the universe and about themselves. Just consider the 

lesson that Betelgeuse can teach: The red giant, now 260 mil¬ 

lion miles in diameter, provides a future picture of our own 

sun. In perhaps five billion years our earth will be evaporated 

away as our bulging sun’s surface reaches out to and then goes 

beyond our planet’s orbit. 

On a dark night a pessimist might think that means that 

nothing matters and that all will pass away. But on a starry 

night an optimist might realize that we have a few billion years 

to figure out how to restoke the fusion furnace of a G2 star, 

or how to zap our planet into some kind of hyperspace and 

plunk it down around a younger star. Or at least how to build 

the great ships that will carry us away from our dear but dying 

mother star. 

GUERRILLA ASTRONOMY 

Seattle winters bring masses of clouds that drink up water from 

the Bering Sea, the Gulf of Alaska, and all the North Pacific 

Ml 3, the beautiful Great 

Globular Cluster in Her¬ 

cules, is a popular object 

shown at public star par¬ 

ties. Photo by Herman 

Dittmer 
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M42, the Great Nebula in 

Orion: "Let them know 

that the nebulosity of M42 

is 15 light-years across and 

that within that hydrogen 

nursery cloud 20,000 of 

our solar systems would 

fit." Photo by Herman 

Dittmer 
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Ocean, just so they can come stumbling ashore and then drop 

their load on us before trying to climb over the Cascade Moun¬ 

tains. Consequently the winter observer must be aggressive, 

and so I’ve become, with a friend of mine, a guerrilla astron¬ 

omer, sworn to rush out regardless of the hour if the clouds 

should break. My friend works as a projectionist, often until 

midnight or beyond. I keep even sillier hours, and so Kym 

Wells and I are often out on observing runs in the early hours 

of the morning. 

One of our favorite places is a city park which is atop a bluff 

on the edge of Puget Sound. This provides reasonably dark 

sky to the south, west, and north, and aside from the surpris¬ 

ingly loud and boisterous barks of the sea lions talking on the 

breakwater below, it is a quiet place to study the sky. Especially 

on weekend nights, these same attributes can attract couples 

in love who want to sit in their cars and embrace against the 

existential void, or walk along the bluff. And sometimes it 

attracts some nicely behaved teenagers who are eternally search¬ 

ing for the proper place to be. 

It was after talking to John Dobson that I began to under¬ 

stand the concept of the sidewalk astronomer as a state of mind, 

and the importance of doing what I so freely do at public star 

parties wherever else I might be. Since I usually bring three 

telescopes and Kym always has two, we have the equipment 

to keep many eyes turned upward. 

Because of Dobson we no longer hunker down and hope 

that the distractions will pass away. We call out to them and 

offer an invitation that few will turn down: Would you like to 

look at the stars? 

How sweet and charming it is to see all the pretentions drop 

away when some kid looks through the eyepiece and sees for 

the first time the craters of the moon! 

How exciting it is to relive your own first passions by 

listening to the stunned disbelief that he or she is seeing Ju¬ 

piter’s Galilean moons. And how nice it is to be the one to 

raise the curtain on such vistas as the Pleiades and the brilliandy 

symmetrical Hyades. 

During these late-night encounters I have seen persons 

young and old recall distant memories of an early interest in 

astronomy which they had abandoned when they walked away 

from childhood. 

People are so thankful. They radiate joy at what they have 



seen. They thank you, and you thank the stars on their behalf. 

It soon becomes obvious that introducing others to the night 

sky is good. Anything that can create such circumstances of 

mutual joy and inspiration should obviously be done again and 

again. 

DOBSON’S MISSION 

John Dobson, who will someday be canonized as the sidewalk 

astronomer’s patron saint, has devoted his life to introducing 

people to the stars because he feels that in order for humanity 

to survive we must come to know our place in the universe. 

We must see our place in the universe. And this is something 

that can be done only beneath the night sky. 

“The universe as a whole is nothing like what it looks like 

in Los Angeles on a sunny afternoon,” Dobson told me a few 

months after his talk at Stellafane. “So if you are going to try 

to understand the whole universe, you need to be able to see 

what the whole universe is like. What the whole universe is 

like is what happens to hydrogen if it falls together by gravity 

to create stars. 

“In India they have a story, ‘Like a Frog in a Well.’ Each 

frog thinks that his own little well is the whole universe, and 

that nobody could have anything bigger than his little well. 

We are like that. We tend to be all wrapped up in very domestic 

affairs that don’t go very far, that don’t even involve very large 

sections of the planet, let alone the rest of the universe. So I 

think it is just advantageous in general for people to stretch 

their heads. 

“A whole lot of people who look through telescopes become 

universe-conscious,” Dobson said. “I think there’s a chance that 

way downstream this may have an effect on the affairs of the 

globe. We are ruining the atmosphere, we are selling the equa¬ 

torial jungles. We are selling our oxygen supply. I don’t know 

what is going to happen to us.” 

As our rapidly developing technology puts more and more 

pressure on the environment of our planet, having a populace 

that is universe-conscious becomes more crucial. 

There is some good news, and the news is that amateur 

astronomers around the world have been writing to Dobson, 

wanting to form their own groups of sidewalk astronomers. 

Dobson writes back to offer encouragement and to say that 

All pretensions drop away 

when one looks through 

the eyepiece and sees the 

craters of the moon. This 

shot was taken through a 

homemade 11-inch Mak¬ 

sutov. Photo by Howard 

Louth 
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Beautiful to behold, the 

rugged otherworldliness of 

the moon has been en¬ 

chanting humans since 

even before telescopes. 

NASA photo 
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they don’t need permission from him to proclaim themselves, 

for instance, the Belgium Sidewalk Astronomers, nor do they 

even need a name. All they need to do is to go out, set up 

their telescopes, and encourage people to look at something 

that could change their lives. 

“The notion of getting your telescope out to the public is 

spreading, and that is important,” he said. “Because if there 

were a million amateur astronomers willing to use their tele¬ 

scopes for public service, there is a chance that maybe fifty 

percent of the people who live on this earth could see.” 

And what might the consequence of this be? 

“I think the consequence of anything like that would be 

enormous,” he said. “If the whole population of the globe 

becomes universe-conscious, I don’t think there would be any¬ 

thing like what we see now. I think the whole situation would 

change greatly. And our concern for global problems—like 

saving the equatorial jungles, saving the whales, and saving 

ourselves—would change. I can’t imagine that it would go on 

like this. The reason things do go on like this is that we are so 

damned narrow-minded.” 

After hearing about his trip to India, where he spent several 

weeks traveling with a 12-inch Dobsonian, a magazine in China 

Far left: The Eastern Veil— 

just one of the reasons 

why John Dobson says, 

"A whole lot of people 

who look through tele¬ 

scopes become universe¬ 

conscious." An eight-inch 

f/5 reflector was used for 

this shot. Photo by Hugh 

Entrop 

Left: Bringing the stars 

down to earth. John Dob¬ 

son and the Sidewalk As¬ 

tronomers sharing their 24- 

inch portable telescope 

with the public. Photo by 

Gerard Perdeilhan 
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Saturn is always a magnifi¬ 

cent jewel to behold— 

even when seen through 

the telescope of a sidewalk 

astronomer working be¬ 

neath the light-polluted 

skies of a big city. A 

seven-inch Questar Maksu¬ 

tov was used for this shot. 

Photo by Hugh Entrop 

asked him to write a story about his work. It was later reprinted 

in a four-page issue of the San Francisco Sidewalk Astronomers’ 

irregularly published newsletter, titled Watchers of the Skies. 

Dobson has been surprised over the years by how many am¬ 

ateurs have heard about it and written for copies. 

The article says at one point: “Billions of eyes are waiting. 

Let who are willing do what they can.” 

That’s why, even after the monastery abbot ordered the then- 

Brother Dobson’s first 12-inch telescope tossed into San Fran¬ 

cisco Bay, Dobson continued to make telescopes, give them 

away, and then sneak out at night to tell people about what 

they were seeing. When he built a telescope with an 18-inch 

mirror, he found someone with a garage to house it. On a clear 

night he would ride through the streets on his bicycle, inviting 

people to come see the sky. 

Children were soon interested in building their own tele¬ 

scopes, and when they asked the pied piper for help he couldn’t 

turn them down. He showed them how to grind and figure 

and polish, and how to make good use of cardboard tubes and 

how to build the cannon mounts that would later, through no 

effort of his own, bear his name. 

At the Stellafane sermon on Breezy Hill he, not for the first 

time, declared: “We sidewalk astronomers are astronomical en¬ 

tertainers.” 
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A desire to let the American public see the treasures of the sky led Dobson to found 
the San Francisco Sidewalk Astronomers, and then, hating the interference of light 
pollution, Dobson carried his telescopes into the national parks. During a 16-day stay 
at the Grand Canyon, 20,000 persons looked through his telescopes, the flagship of 
which was a 24-incher he and his friend Brian Rhodes had made. 

John Dobson, who has had more than a million people look through his telescopes, 
has never charged a penny. He sometimes earns less than a thousand dollars a year, 
this income from an occasional speaking honorarium and the sale of his books. The 
last time I spoke with him he was having to move from his apartment on Baker Street 
and wasn't sure where he might land. At seventy-two years old, he deserves better than 

that. 
How many telescopes has he helped to make? The only count is in tons of surplussed 

porthole glass. When he left the monastery there were already fifteen 12-inch telescopes 
in neighboring backyards, each with a proud young apprentice mirror-grinder at the 

eyepiece, looking at the sky. Dobson is a Johnny Appleseed of the stars, and what a 
magnificent path he has left. 
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STRIKING SPARKS 

The spirit of the sidewalk astronomer is also embodied by Bob 

Ferguson, who has organized members of the Sonoma County 

Astronomical Society to build about ten telescopes a year to 

give to kids in a program called Striking Sparks. Ferguson sends 

letters to science teachers at elementary and junior high schools 

throughout Sonoma County asking them to nominate students 

who are interested in astronomy and deserving of a telescope. 

Each nominated student is asked to write a paragraph on why 

he or she would like a telescope. Ferguson says sifting through 

the nominees and winnowing down the numbers to match the 

number of telescopes is harder work than making the mirrors. 

The telescopes are gorgeous to look at, and they have the 

kind of focal length that John Dobson would like. A 5.5-inch 

f/8 mirror is set in lengths of 6-inch irrigation tube and 

mounted on beautiful Dobsonian mounts designed and built 

by club member Larry McCune. Another member, Len Nelson, 

solders thin lengths of metal to large washers to create the 

adjustable secondary mirror mounts. The focusers are blocks 

of wood with friction-fit tubes. 

Not everything can be made, but Roger Tuthill gave Fer¬ 

guson a good deal on some 25mm orthoscopic eyepieces, and 

some of the telescope makers have sold him finderscopes for 

$20 apiece. Even by making as much as possible, and trying 

to find the very best deals on what can’t be made, the telescopes 

end up costing about $70 each to put together. The Sonoma 

County Astronomical Society covers the cost of eyepieces and 

finders by having sidewalk rummage sales. And Ferguson says 

that the sense of purpose behind these sales helps to unite the 

club and to make all those involved feel good about what they 

are doing. 

The combination of the long focal length and the elegant 

mountings makes the telescopes so attractive that adults have 

often asked Ferguson if he would sell one of them. “But I tell 

them that I can’t,” Ferguson says. “It would ruin my amateur 

status.” 

Something nice came the club’s way one night while its 

members were “in public service,” as Dobson would say. “Like 

the Sidewalk Astronomers, we set up our telescopes in parking 

lots and invite the public to come out,” Ferguson said. “We’ve 

had a lot of response. On one night we had over seven hundred 

people come to our various sites and look through our tele¬ 

scopes. One of the persons who came out was a doctor. He 

had intended to build himself a Maksutov and had built an 

automatic grinder. 

“He called us up one day and said he was moving to southern 

California and that he wouldn’t be taking his machine. Would 

we be interested in it? I think we were in his yard before he 

hung up the phone.” 

Ferguson and his friends still do all the polishing and final 

figuring by hand, but the automatic grinder saves a lot of 

manual labor on the mirrors. The mirrors are cut from plate 

glass, using a large shell casing with slotted edges that Ferguson 

hooks to a drill press and feeds with carborundum. He can go 

through two inches of glass in about twenty-five minutes. 

So far 20 telescopes have been given away. The only stip¬ 

ulation is that if a child should lose interest in the telescope, 

he is to pass it along to another. 

Thus far no one has lost interest and several of the young 

astronomers are participating in a Messier Marathon sponsored 

by the Astronomical Association of Northern California. A 

participant has two years to find all 104 Messier objects. The 

trophy for this is a brass plaque that can be attached to a 

telescope. It says: “I’ve Seen ’Em All.” 

THE GOODNESS OF STAR DUST 

Peter Collins, a prominent American nova discoverer, told me 

once that one of the things he missed most from his student 

days at Harvard was hosting the public viewing nights at the 

observatory. “Everyone has this fantasy that there is someone 

in the audience, who might be a little kid, or who might be 
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Bob Ferguson and the 

Striking Sparks program 

capture the imagination of 

children of all ages. Photo 

by Joan McCune 
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an older person—I’ve seen it happen with both—who will just 

catch the bug, the way each of us, in our own way, caught the 

bug. 

“You figure if there are a hundred people in the line, one 

of them will catch the bug,” Collins said. “And that is what 

makes it all worthwile. There is something about a large crowd 

of people looking at the stars that is very moving.” 

Examine what you are doing and what you could be doing 

to have more eyes see light through your telescope. Are the 

star parties that your local club sponsors for the members, or 

for the public? And before you do go out, arm yourself with 

information. 

At Stellafane John Dobson showed some slides, some of 

which were taken by a proud mother who wanted to capture 

on film those hours her nine-year-old son spent grinding his 

first mirror with the star-struck monk. The child’s name is Bruce 

Sams and Dobson said he was now working on his doctorate 

in astrophysics at Harvard, doing his research down at Cerro 

Tololo Inter-American Observatory in Chile. 

Several years ago a newspaper in Sacramento carried a story 

about Dobson, and managed to capture his life’s work within 

a simple headline—“He Raises Their Eyes to the Stars.” 

THINGS TO DO 

If you would like to become more involved with sidewalk astronomy, 

there are several things you can do: 

• On your own or with a friend, find a place that offers 

acceptable skies and that has a good flow of people. Remember to 

bone up on information so you can tell the public about what they 

are seeing. Use an eyepiece that has good eye relief so each viewer 

doesn’t need to refocus. 

• At the next meeting of your astronomical society, talk about 

the value of sidewalk astronomy and ask whether there is something 

the club can do. 

• Join the San Francisco Sidewalk Astronomers. It costs only 

$15. You will be supporting good work. And you will receive their 

inspiring newsletters. Send an extra few dollars and ask for back 

issues. 

• If you would like to learn more about the Striking Sparks 

program, write to Bob Ferguson (see the Resources section). If you 

have a VCR, you can send a blank VHS tape to Ferguson and he 

will send you a copy of his homemade informative and inspiring 

Striking Sparks videotape. 
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CHAPTER 

THREE 

Among the greatest gifts to come out of the Apollo space 

program were the off-world photographs of earth, hanging like 

a jewel against the black velvet of space, looking like a magical 

marble, all sea-blue and wispy-white with clouds. 

From these photographs came the notion that we were all 

passengers on something that was soon being called Spaceship 

Earth, an idea that was put forth to stress what a fragile and 

small vessel our world truly is. But the concept of earth as 

spaceship makes sense in another way, too, in that our planet 

is always on the orbital move, doing about 66,600 miles per 

hour as we glide along on the one-year journey around the sun. 

Spaceship Earth covers a lot of territory in its travels (one 

lap around the sun is about 583 million miles), and though 

we travel in a frictionless vacuum, the space through which we 

fly is far from empty. 

The meteor observer is someone who sits in the cockpit of 

our spaceship and watches through the front windshield at the 

oncoming flow of debris. It is a fascinating job, an important 

job, and in the case of being surprised by a huge fireball, it can 

even be an eerie and frightening job. 

OBSERVERS ARE NEEDED 

Like so many others in astronomy, meteor observers are calling 

out for help. More dedicated amateurs are needed, and there 

are well-established organizations that will welcome you aboard 

and help you to learn what you need to know. There is a lot 

of sky to cover, and with meteors, more than with any other 

area of astronomy, the sky is always changing. 

David Levy, in addition to hunting comets, serves as the 

Meteor Section Recorder for the Association of Lunar and 

Planetary Observers (ALPO). ALPO meteor observers mon¬ 

itor the skies and tally their findings on standardized reporting 

sheets that are then analyzed and archived for scientific use (see 

page 34). 

What value does this information have? 

“Meteor observation is watching what is going on around 

you,” Levy says. “Meteor observing is important because me¬ 

teors are in our own neck of the woods. They are in our own 

part of the solar system and it’s not unlike how, when you 

drive to work, you want to watch what’s going on around you. 31 



This outstanding view of 

earth was taken by the 

crew of Apollo 17. It 

shows earth as a beautiful 

jewel that flows through 

space. NASA photo 
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Why not watch what’s going on around the earth as it travels 

through space? This is the earth’s neighborhood. 

“There are a lot of things orbiting the sun, lots of meteoroids. 

The meteors happen to encounter the earth, but each one of 

those little particles is in a solar orbit. They have all the orbital 

parameters: an aphelion, a perihelion, periods, longitude of 

ascending nodes—the whole thing, for a tiny little meteoroid 

particle. 

“This is something that most people don’t think about, but 

it is really true,” he says. “And the more people that observe 

meteors, the more streams that will be picked up and the more 

good work will be done.” 

Meteor News is a quarterly newsletter published by Karl and 

Wanda Simmons of the Callahan, Florida, Astronomical So¬ 

ciety. Karl Simmons began observing meteors in 1963 at the 

age of fourteen, and seven years later he began publishing 

Meteor News, which has become a respected source of meteor 

observation data submitted from readers. Meteor News also 

publishes observational data from the American Meteor Society 

and from several foreign meteor groups. 

Karl Simmons speaks of the scientific value of tracking the 

density of the meteoroid streams through which the earth passes. 

Some are well-established streams, which can be predicted years 

in advance. There are at least ten major and dozens of minor 

annual meteor showers. But even established major showers 

such as the Lyrids, Perseids, Geminids, or Ursids can vary 

significantly from year to year. Added to this are the sporadic 

meteors that can come from any direction, and the ever-present 

possibility of a new stream of meteoroids being discovered. 

There is no way that professional astronomers can monitor 

all of this. And without amateur observers, the pulsing ups and 

downs of these events will go unnoticed. 

“For science, it means we can measure the density of me¬ 

teoroids and micrometeoroids without sending a spacecraft 

up,” Simmons says. “We can do it visually.” 

As Spaceship Earth moves 

through space, it frequently 

passes through clouds of 

dust. The result is "shoot¬ 

ing stars," or meteor show¬ 

ers. This shot is of the 

Leonid meteor shower in 

November 1966. During 

the 3’/2-minute exposure, 

about seventy Leonid trails 

appeared on the negative. 

Photo by Dennis Mi Ion 

THE GREAT IONIZATION SHOW 

Nearly all the meteors you see come to us courtesy of comets, 

though some sporadic meteors are of asteroidal origin. Each 

time a comet’s orbit brings it back into the sun, the heat of 

perihelion evaporates some of its ice and a trail of sand-sized 

and pebble-sized debris is left in the wake. Unless perturbed OBSERVING METEORS 
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METEOR SHOWERS THROUGHOUT THE YEAR 

Nome of Shower Duration Maximum Comments 

Medium apeed Perhaps 40 an hour. Quandrantlda Jan. 1-5 Jan 4 

April Lyrida Apr. 1 9-24 Apr 21 

eta-Aquarlda May 1-8 May 5 

June Lyrida June 10-21 June 1 5 

Caprlcornlda July 10-Aug 1 5 July 25 

delta-Aquarlda July 15-Aug. 1 5 July 28 

alpha-Caprlcornlda July 15-Aug. 25 Aug 1 

lota-Aquarlda July 15-Aug. 25 Aug 6 

Peraelda July 25-Aug. 18 Aug 12 

kappe-Cygnlda Aug. 18-22 Aug 20 

Orlonlda Oct. 16-27 Oct 21 

Taurida Oct. 1 0-Dec. 3 Nov 1 

Leonlda Nov. 15-19 Nov 17 

Gemini da Dec. 7- 1 5 Dec 14 

Ural da Dec. 17-24 Dec 22 

Moderate speed About 15 per hour Some brilliant meteors 

Very fast About 20 per hour 

Often a scant shower. 

Only about five per hour, but slow moving so easier to see. 

Slow, with long paths 

Sparse 

Dim and not many, but have long paths 

Fast Rates from 40 to 100 per hour. 

Very slow Not much of a count either. 
Quite fast Counts about 25 per hour. Remnants of Comet Halley 

Slow About 1 5 per hour 

Very Fast In 1 999 they present a "meteor storm"! 

Slow and graceful Sometimes 75 per hour 

A nice Christmas shower 
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by gravitational pull into an altered orbit, the particles (which 

are called meteoroids until they enter the earth’s atmosphere, 

and meteorites only if they survive to hit the earth) remain on 

the same orbital track as the comet that shed them. 

When our planet goes silently plowing through such a stream 

of meteoroids, the nearer ones are gravitationally captured and 

pulled down into our atmosphere. It is the friction of the 

meteorite interacting with our dense atmosphere that creates 

the light that we see. The common notion is that the meteorite 

is burning up, which is true. But the greatest intensity of the 

light is caused by more interesting interactions. 

When a meteorite slams into our atmosphere, it is traveling 

at about 90,000 miles an hour. Understandably, a tremendous 

amount of friction is created. Even something the size of a 

grain of sand will be pushing a huge shock wave in front of it 

as the molecules of oxygen and nitrogen that make up our air 

are compressed together and violently heated. 

The intensity of the heat becomes so great the meteorite begins 

to boil and melt. More important for us visually, the superheated 

molecules of oxygen and nitrogen become ionized as they shed 

electrons. The area around the meteorite begins to glow. 

Though most of the glow comes from this superheating of 

the atmospheric oxygen and nitrogen, the meteorite, depend¬ 

ing upon its chemical composition, can add beautiful colors to 

the glow. For instance, a meteor with a high sodium content 

will glow with a yellow orange, while magnesium yields a 

bright green. 

When these colors come from a large fireball, the resulting 

light show can provide memories that will last the rest of your 

life. Simmons recounted his greatest fireball experience, ob¬ 

served with a - 12-magnitude object that remained visible for 

ten seconds. (For comparison, Venus at its brightest has a 

magnitude of about - 4.5, and the full moon of about -12.5.) 

“It was as bright and as big as the full moon,” he said. “It 



The 1966 Leonid shower. 

The brightest star trail is 

Sirius, at left, while the 

constellation Orion is at 

right. Notice how long the 

trails are in this picture. At 

the height of this shower, a 

single observer could see 

forty Leonids in one sec¬ 

ond. Photo by Dennis 

Milon 
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was shocking. It just about made me stop breathing. Your 

surroundings light up and you see this thing going through 

the sky real slow, and after it disappears there is a glow left 

where the path was. Bright fireballs leave an impression on 

you.” 

A fireball is anything greater than the -4 magnitude of 

Venus at its brightest. Since meteors this large might actually 

survive their trip through the atmosphere to land as meteorites, 

there is great interest in them. If you feel confident that you 

have observed such an object, you should record the date, time, 

weather, your geographic location (preferably with exact lati¬ 

tude and longitude) and describe its magnitude, color, form, 

and duration. Did the fireball make a sound? An audible sonic 

boom would indicate that the fireball had perhaps held together 

long enough to have actually survived its journey. 

Members of either ALPO or the American Meteor Society 

can send this information to their section recorder. You can 

also send it to the Scientific Event Alert Network, Mail Stop 

129, Museum of Natural History Building, The Smithsonian 

Institution, Washington, DC 20560. 

Anytime a meteorite is recovered it is a big deal. For the 

sake of the planet, we don’t want the meteorite itself to be too 

big a deal. A 60-ton meteorite was found in Africa. A 34-ton 

meteorite fell in Greenland. (It is now on display at the Amer¬ 

ican Museum of Natural History in New York, transportation 

provided by Admiral Peary.) And in the Arizona desert there 

is a crater nearly a mile across and 575 feet deep from where 

a boxcar-sized meteorite collided with the earth 20,000 years 

ago. 

In addition to their scientific interest, fireballs also serve as 

the special rewards that the heavens dole out on a surprise basis 

to those who study the passage of meteors across the sky. 

Bill Katz of Bayside, New York, is a well-known and life- 

NEW HORIZONS long observer of meteors. He says that “what really makes any 

AMATEUR ASTRONOMY night is to get )ust onc rcally nicc meteor.” He spoke of getting 
- just such a meteor while out observing the Geminids a few 

36 years ago outside of Toronto. 

“We were sitting and watching the Geminids when all of a 

sudden over our shoulder the whole sky lights up green. We 

both let out an expletive of ‘Damn! There’s a truck coming.’ 

We turned around and here is this great big green fireball 

descending. It was a beautiful emerald color, moving slowly 

across the sky, and it just bathed the whole landscape—the 

snow, the trees, and everything—with this greenish color. It 

was magnificent!” 

PREPARING TO OBSERVE 

The equipment required for meteor observing is nice and cuddly: 

a sleeping bag, an insulating pad, and a yard chair or chaise 

longue to stretch out on. Even on summer evenings, observers 

in all but the warmest climates will use a bag to stay warm and 

to keep away the morning dew. 

In climates where mosquitoes are a problem, some observers 

will go beyond insect repellent and cover their heads with 

jungle mesh, or create a complete netted enclosure. 

Depending upon how well you know the sky, you might 

want a star chart as a reference for the constellations, and the 

standard astronomer’s friend, the red-filtered flashlight. (I use 

a scrap I cut from a red plastic shopping bag, held in place 

with rubber bands.) 

When observing a known shower, don’t look into the con¬ 

stellation from which meteors will radiate, but off to one side. 

Estimates on what this angle should be range from 30 to 90 

degrees, with most observers settling in at about 45 degrees. 

Don’t stare into one fixed place in the sky. Move your eyes 

around so they don’t strain, and above all else, enjoy the back¬ 

drop of the celestial sphere. 

The best hours for observation are from midnight to sunrise, 

because it is during these hours that your area of the planet 

will be spinning onto the leading edge of the earth’s orbital 

track. Meteor watching during the early evening hours is like 

looking out the back window of your car as you race through 

a snowstorm: there are snowflakes out there, but you don’t 



see too many. From midnight onward you are looking more 

and more out of the front of the car and benefiting from the 

onrush. Consequently, the hourly counts of meteors are usually 

twice as high during the last part of the night. The hours just 

before daybreak are statistically the best. 

Your recording equipment can be as simple as a pad and 

pencil. David Levy uses a counter he presses with each meteor 

seen. Some observers use tape recorders. Whether you need a 

recorder depends on the type of information you are trying to 

gather, and the activity of the shower. 

Because meteors usually last for less than a second, and 

because few will last more than a second, there are limits to 

how much information you can record for a meteor without 

the distraction of the recording interfering with your readiness 

for the next event. Even if you are using a tape recorder, your 

counts can be affected if you try to dictate too much infor¬ 

mation for each meteor seen. 

Organizations such as ALPO and the American Meteor So¬ 

ciety have worksheets to facilitate your note-taking. If you are 

working without such sheets, there are some basic points of 

information that should be part of all observation sessions: 

• Date: If your observing spans midnight, use a double 

date, such as July 17-18, to avoid confusion. 

• Zenith Limiting Magnitude: In order to collate your 

information with that of other observers, you must record the 

magnitude of the faintest star you could see when looking 

directly overhead. There are correction factors that can be used 

to equalize differences in sky conditions, but you should be 

able to see at least to magnitude 6.0. If your faintest zenith 

star is no more than 5.0, your hourly counts will have only 

limited scientific value. For these reasons, observing is some¬ 

thing that can’t be done if there is much moon in the sky. And 

you should be in an area not overly affected by city light pol¬ 

lution. 

• Sky Conditions: Were there any weather factors that 

affected your vision? If there was a partial cloud cover, what 

percentage of the sky was obscured? Was there fog or haze on 

the horizon? If so, how high into the sky did it extend? 

• Exact Time: Preferably corrected for universal time, but 

minimally including your time zone and reflecting the exact 

time you began and the exact time of each count total. 

• Hourly Counts: There is no value in saying you ob¬ 

served for five hours and saw 62 meteors. In order for the 

progression of the shower to be analyzed, your counts must 

be recorded at least every hour. Some organizations have work¬ 

sheets calling for more frequent count recordings. 

• Radiant: Meteor showers take their names from the 

constellations from which they appear to radiate when earth 

crosses their path. If you are observing a major shower, such 

as the April Lyrids or the Geminids, it is enough just to note 

that. However, meteors not sharing that radiant should be 

counted separately as sporadics. Sometimes a minor second 

shower will be active and the radiant can be matched to that 

for another counting category. 

• OHR/ZHR: Your count for each hour is also called 

the “observed hourly rate,” or the OHR. Observer sheets will 

sometimes come with a table for converting your OHR to 

ZHR, which is the zenithal hourly rate. This correction factor 

is a simple calculation to take into account the meteors that 

are obscured from your sight by the haze and horizon if the 

radiant isn’t directly overhead. 

At this point you have recorded information that would be 

of value to any meteor organization. When you are fortunate 

enough to observe especially active showers, there may not be 

time to record anything more than what is listed above. How¬ 

ever, during the more leisurely showers, and for those nights 

with no formal showers, there is more information that you 

can record: 

• Brightness: Some worksheets will ask you to estimate 

the brightness of the meteor to the nearest half-magnitude. 

Some observers do this only for the brighter objects, perhaps 
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Reporting forms like these, Observer Name 
created by the American 

Meteor Society, are used Mailing address 

by amateur astronomers to 

standardize the collection - 

of information on meteor Observing Site 
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CONVERTING TO UNIVERSAL TIME 

Universal time is the standard unit in which all astronomical 
observations and events are recorded To convert your local 
time to Universal Time, you need only remember two things: 
1) Universal Time is based upon 24 hours Noon is expressed 

as 12 00 Midnight is expressed as 24 00 

2) Your local correction factor (5 hours on the East Coast, 
8 hours on the West Coast) is ADDED to your standard 
time 

For Example When it is noon Eastern Standard Time, it is 
17 00 Universal Time 

The Local Correction Factors Are 

Eastern Standard: >5 hours Eastern Daylight +4 hours 
Central Standard: *6 hours Central Daylight +5 hours 
Mountain Standard: +7 hours Mountain Daylight +6 hours 
Pacific Standard: +8 hours Pacific Daylight: *7 hours 

Dote Correction: 

Remember to correct the date by advancing one day when the 
addition of the correction factor takes the Universal Time to 
beyond 24 00 hours 

drawing the lower limit at second or first magnitude. Wherever 

you draw the line, this information can be useful. Generally, 

the brighter the meteor, the more interesting the sighting. 

• Colors: The color that a meteor emits can help deter¬ 

mine its chemical composition, and hence its type of parent 

material. Did it come from a comet or from an asteroid? 

• Speed: Meteors shoot through our atmosphere at vary¬ 

ing speeds. The Observer’s Handbook of the Royal Astronomical 

Society of Canada lists the Herculids as the slowest, moving 

at 15 kilometers per second (33,480 miles per hour), while the 

Coma Berenicids are the fastest, at 65 kilometers per second, 

or 145,000 miles per hour. Most are in the twenties of kilo¬ 

meters per second. For the observer, it is enough to rate a 

meteor as fast, moderate, or slow. This information helps in 

determining the angles at which the earth is crossing the stream 

from which the meteor came. 

• Trails and Trains: Trail, or wake, is a term describing 

the few seconds of luminous glow that remains after the meteor 

has passed. A train is a more persistent wake which can last 

perhaps a half-minute or more, and can have a smoky appear¬ 

ance, as opposed to just the ionized glow. Try to record the 

presence of either a trail or a train, along with an estimate of 

its length in degrees across the sky, and its duration in seconds. 

Sometimes a train will take on a “mottled” appearance as it is 

disturbed by the upper atmospheric winds. 

• Bolides: Sometimes a meteor will be seen to explode 

in the air. This is called a bolide and should be recorded. 

• Flare: Sometimes a meteor will become noticeably 

brighter and then return to its previous magnitude. Sometimes 

the flare will have a different color, perhaps indicating a change 

in the structural molecules that are burning away. These ob¬ 

servations can be of value. 

Don’t let this long list of possible characteristics to monitor 

frighten you away from giving meteor observing a try. The 

information of most value still comes down to the simple basics 

such as radiant and hourly count. Levy suggests you just go 

out in your backyard and start observing, growing more fa¬ 

miliar with the sky each night, more comfortable with your 

ability to see what is happening, and more aware of what is to 

be expected and of what constitutes something of significance. 

RADIANT PLOTTING 

Observing meteors is a good way to learn the sky. In addition 

to counting meteors, start noticing the relation of the meteor’s 

path to the constellations and other significant guidepost stars 

in the sky. This will enable you to do radiant plotting in which 

your data might be joined with that of other observers to 

confirm the existence of a new meteor shower. 
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Before jumping into your first attempts at plotting, you 

should practice the estimation of trails and trains in degrees of 

length. Remember that the full moon is half a degree; the 

distance between the Big Dipper’s pointer stars, Dubhe and 

Merak, is 5 degrees; the distance across the top of the Dipper’s 

bowl is 10 degrees; and the complete length of the Dipper is 

25 degrees. 

For timing the duration of the meteor, you can practice your 

counting accuracy against a clock (“1001, 1002 . . .”), or you 

can use the precision of WWV, a radio station that broadcasts 

the steady ticking of universal time. A shortwave radio used 

to be required to get WWV signals, but now Radio Shack sells 

inexpensive and lightweight dedicated WWV radios. Such ra¬ 

dios are especially effective when tape-recording your obser¬ 

vations. If you call out the beginning and end of each meteor, 

WWV in the background of the recording will provide exact 

time. 

The recorder can also be used for registering the magnitude 

and color of the meteor. However, having to transcribe the 

tapes night after night might take some of the joy out of the 

experience. So the ticking of WWV can be used as an excellent 

timing device, without complicating things with a recorder. 

It is important to ease yourself into observing so that you 

aren’t feeling frantic about trying to record too much infor¬ 

mation. Again, just providing accurate hourly counts is a solid 

contribution. 

However, as you become more experienced, as the sky be¬ 

comes your familiar friend, as recognizing magnitudes and es¬ 

timating degrees of travel and seconds of visibility become 

natural reactions, you may want to try plotting the paths of 

the meteors onto a photocopied star chart worksheet. 

Use a clipboard or other solid surface. Have a red light fixed 

to the clipboard, and if not continually on, at least easily switched 

on. The lightweight lights made to be clipped onto books for 

reading in bed work well when filtered. 

Your impulse may be to scratch your line immediately upon 

seeing the meteor, but your lines will be more precise if you 

pause long enough to study the trail and fix its position against 

the stars. Venerable British amateur astronomer and author 

Patrick Moore suggests holding a pen or a stick out in front 

of you to match the trail before it fades. 

You can either mark the time directly on your line, or change 

charts at the beginning of each hour. If the time between 

meteors permits, you can write additional information above 

each line. This might include the exact time the event began 

(a WWV radio should be used for this so that you don’t have 

to look at your watch), the number of seconds the meteor 

lasted, degree-length of the trail, the magnitude, color, and any 

other attributes you have time to put down. 

If you are plotting a specific shower, realize that not every 

meteor you see, even from the shower you are monitoring, will 

point directly home. And you should probably either ignore 

or plot on a separate chart meteors that are obviously sporadic 

or from another shower. 

But if you plot everything you see in the sky, you will end 

up with an interesting account of what you saw, and if you do 

this for a long enough time and analyze your results night to 

night and even year to year, you might find patterns developing 

for what at first appear to be sporadic objects. 

THE NEED FOR YOUR DATA 

Karl Simmons is sounding the call for more American meteor 

observers. This is an area of astronomy where European coun¬ 

tries and Japan have more observers, accomplishing more work. 

There is a lot of sky to cover in the United States, and as is 

not the case with comet or nova searches, something we miss 

over our own skies will likely be lost to all others. Simmons 

doesn’t like the idea of missing showers. 

“In any kind of scientific endeavor, the more data you have 

coming in, the better picture you can get,” he says. “With 

meteors, you are talking about three hundred sixty-five days a 

year. There is a lot that we miss. 

“In particular, lately there have been showers we have missed. 



They weren’t picked up by radar and we didn’t have anybody 

out detecting visually. 

“Tonight, from ten o’clock Eastern time to one a.m., there 

could be something happening out there, and chances are no¬ 

body is out in the entire United States.” He speaks of the Ursid 

shower of 1986, which was unexpectedly active and was well 

observed in Europe but, to his knowledge, was completely 

missed here. “On a December night, when you are not really 

expecting to see anything, seeing one or more meteors a minute 

would have been pretty exciting. And knowing that perhaps 

very few other people were seeing it makes you feel pretty 

good.” 

He sums up the meteor opportunities awaiting the amateur 

astronomer in this way: “If you go out and observe, there’s a 

good chance you might see something or discover something 

that no one else in the world will witness.” 

And if you do witness such a thing, there will be people at 

Meteor News, the Association of Lunar and Planetary Observers, 

and the American Meteor Society ready to listen. 

BEAUTY, MAGIC, AND ECSTASY 

Whatever contribution you make to science will be appreciated, 

but observing meteors is something that above all else should 

be done for the joy it can bring and for the communion that 

can take place with the night sky. 

“Galaxies are fine,” says Bill Katz. “They are beautiful. But 

they are never changing. With a meteor you never know what 

you are going to see from one moment to the next. Sometimes 

the heavens can drop some really nice stuff down in front of 

you. 

“It is very relaxing,” he says. “I just like to get out there and 

survey the sky with the naked eye. I don’t have to worry about 

setting up equipment. I don’t have to worry about investing 

in equipment. It’s something you can do wherever you are, 

whether you are on vacation or in your backyard. You don’t 

need the darkest skies in the world to see nice meteors. And 

you never know what the sky is going to bring down on you.” 

When Katz speaks of his field experiences, you can see that 

he has derived great fun and adventure from the years he has 

spent beneath the night sky. He has a self-effacing humor that 

perhaps comes from spending so much time looking into in¬ 

finity. “I’m known among meteor watchers for always missing 

the big ones,” he claims. “I’m always tying my shoelace or 

facing the other way. In fact once I caught a really nice bright 

meteor reflected off of someone else’s glasses. I was always in 

a quandary whether to count it in my records.” 

And always it is the fun he comes back to. The beauty of the 

meteors, and the fun. On August 11-12, 1981, he and some 

meteor-observing friends traveled to the Ogg’s Bog amateur ob¬ 

servatory north of Toronto to watch the Perseids. They were 

counting rates of 50 to 60 an hour before midnight, so they 

knew they were in for an exceptional shower. 

Then, about four in the morning, “all hell broke loose. The 

rate just got higher and higher over the next hour and into the 

twilight sky. Between four and five o’clock we each saw over 

a hundred fifty meteors. It was just a spectacle to behold! 

“The meteors tend to come in clumps and so you would go 

several seconds or half a minute without seeing anything and 

then you would get two or three in a matter of seconds. We 

were tape-recording this whole thing, and among the three of 

us we sometimes had trouble sorting out just who saw what, 

because everybody would be yelling Time!’ which means 

‘Everyone else shut up while I report it.’ But with things falling 

so quickly, one individual might call Time! Time! Time!’ and 

somebody else calls two or three and somebody else would call 

five. 

“A couple of moments that night just struck me as awesome,” 

Katz said. “At one point I saw five meteors in three seconds. 

At the same time one of the other guys saw a few meteors as 

well. We were ecstatic! 

“We had the 1812 Overture going in the background on one 

tape recorder, while another tape recorder was picking up our 

counts and incidentally picking up all of our patter. Listening 
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to that tape today you hear the guys shouting ‘Time!’ and 

reporting their rates and you are hearing all sorts of jokes flying 

around. And then, the 1812 Overture starts! 

“The 1812 is the perfect music for a meteor shower. It has 

become my favorite music since that night. The cannonballs 

are flying! The bells are ringing! And nature’s fireworks are 

going on overhead. 

“The tape recorder picked me up drumming away, and some¬ 

body else is humming one part of it, and the third guy is 

humming another part, and the meteors are falling every which 

way, and all of a sudden the music crests, and the meteor shower 

crests, and all three of us raise our voices in a crescendo, realize 

what we are doing, and just about all fall out of our chairs. 

We stopped for about ten seconds, regained our composure, 

and then continued: Time! Time! Time!’ 

“It was a beautiful moment,” Katz said. “It really was mag¬ 

ical.” 

This and more is waiting out beneath the stars. Katz says 

that when he was younger one voice would tell him it was time 

to go in, while another would say, Just five more minutes. “I 

get around that these days by simply going out for the whole 

night,” he explains. “That way I don’t miss anything.” 

And when the morning comes, he reports that “it is nice, 

but sad, to see the twilight break again, and the stars disappear 

one by one.” 

THINGS TO DO 

If you would like to become more involved in observing meteors, there 

are several things you can do: 

• Join the Amateur Meteor Society, and learn about and 

participate in their activities. Their address is in the Resources section 

of this book. 

• Karl Simmons publishes a fine newsletter called Meteor 

News. A self-addressed, stamped envelope will also get you a sample 

copy of this. 

Meteor News contains up-to-date news and views from the world 

of meteor hunting, and can put you in touch with avid hunters 

and activities in your area. 
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A bright meteor flashes by 

Ursa Minor (the Little Dip¬ 

per) on an August night in 

1980 as photographed in 

Harvard, Massachusetts. 

Photo by Dennis Milon 
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Grazing Occultations and four 

the Mountains of the Moon 
uOver the Mountains 

Of the Moon, 

Down the Valley of the Shadow, 

Ride, boldly ride,” 

The Shade replied, 

ccIf you seek for El Dorado!” 

—Edgar Allan Poe 

Historians have written that the whole psyche of America 

changed upon the taming of the West, that taking away the 

frontier somehow made us feel less free, and that even for those 

who never ventured out of the early cities it was reassuring 

just to know that there were great expanses beyond their door¬ 

steps waiting to be explored and mapped. 

Today there are new mountains and valleys to chart. There 

are unmapped ranges with jagged peaks cut by deep chasms. 

There are geologic formations—untouched by the erosion of 

either wind or rain—still in a primitive rawness and roughness 

unlike anything that could be found on earth. This new frontier 

is located on the moon, and there are explorers who, in the 

spirit of Lewis and Clark, carry their scientific instruments into 

the field. Often driving hundreds of miles, sometimes flying 

thousands of miles, they may go on expeditions to help map 

what has never been mapped before. 

These explorers are nearly all amateurs, and they are working 

in an area of astronomy that was created by an amateur in the 

1960s: the active observation of grazing occultations. 

In a grazing occultation, the moon passes in front of a star 

that happens to lie along the moon’s very edge. As the moon 

travels past, the star’s light is blocked by mountains and then 

freed by valleys. Enough astronomers, properly aligned, can 

combine their observations of this event to chart the profile of 

the moon. 

THE BACKGROUND 
OF LUNAR OCCULTATIONS 

Each night the moon travels across the sky as it orbits our earth 

at about 1 kilometer per second, or 2,232 miles an hour, in 

an orbital plane that varies by only about 14 degrees, and that 

passes through the 12 zodiacal constellations. For about as 

long as humans have been looking at the stars and writing 45 



Today there are new 

mountains and valleys to 

chart. They are found on 

the moon, and they are 

measured by amateur as¬ 

tronomers on earth. NASA 

photo 
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Unmapped ranges and 

geologic formations un¬ 

touched by the erosion of 

either rain or wind. NASA 

photo 
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about what they have seen, they have noted our dependable 

traveler’s predisposition for running over stars. 

Because the moon hides, or occults, the star, these events 

are called lunar occultations. With the invention of the tele¬ 

scope in the early 1600s, lunar occultations took on greater 

interest and before long astronomers were timing the events. 

Timing full occultations of the moon helped astronomers to 

improve calculations of the lunar orbit. The improved orbit 

information in turn enabled them to use the occultation timings 

as a source of precise longitudinal measurement. Occultation 

timings were especially helpful in determining longitude in the 

New World. An occultation could be timed exactly in the well- 

surveyed areas of Europe. If the same occultation were also 

timed in America, the difference in the observed times would 

provide the difference in longitude. 

But near misses and what would later be called grazing oc¬ 

cultations were to be avoided, as the observers wanted no 

question as to when the star disappeared at the leading edge 

of the moon and reappeared behind. 

So accurate is this methodology that clear into the 1950s 

the Army Map Service was timing full occultations to establish 

the position of Pacific islands with more precision than a sextant 

allowed. 

On virtually any clear night you can walk outside, set up 

your telescope, and observe a star being occulted by the moon. 

But to chart the mountains of the moon you need the peek-a- 

boo light of a grazing occultation, and these occultations are 

not so easy to find. 

THE BACKGROUND 
OF GRAZING OCCULTATIONS 

In 1956 a fourteen-year-old boy named David Dunham opened 

a Christmas present to find a 60mm Bushnell refractor with a 

900mm focal length. This gift planted a seed. It struck a spark. 

David was soon an avid reader of Sky & Telescope magazine, 

especially of the back pages listing the anticipated happenings 

in the sky. Dunham thought lunar occultations especially in¬ 

teresting and he went out to observe them. 

In 1957 the southern California youth took his refractor out 

to watch a predicted occultation. But the moon didn’t cover 

the star. All he saw was a near miss. 

“I thought, cOh darn!’ ” Dunham told me years later. “Then 

I began thinking about the geometry of the problem and re¬ 

alized that there would be a line, where north of that line there 

would be an occultation, and south of that line there wouldn’t. 

And if you happened to be right on that line, I could see that 

there must be a tangent situation in which the star would 

disappear and reappear among the mountains and valleys along 

the edge of the moon.” 

The fifteen-year-old geometry-minded Dunham had another 

thought: “It would sure be neat if someone would predict 

where those lines were so you could travel to them and see 

these things. But I figured at the time I would never be able 

to do that.” 

Not surprisingly his interest in occultations was temporarily 

eclipsed when later that year the Soviet Union launched Sput¬ 

nik, the world’s first artificial satellite. Dunham joined the 

Moonwatch program, the civilian satellite patrol that was cre¬ 

ated by the Harvard-Smithsonian Center for Astrophysics. (So 

many of the people mentioned in this book were first drawn 

into a lifetime of astronomy through the Moonwatch program 

that it seems a shame it was disbanded in 1975.) 

Dunham continued his Moonwatch observing until he en¬ 

tered the University of California at Berkeley to study astron¬ 

omy in 1961. His passion for occultations returned, and he 

found that the narrow field of view of his 60mm refractor was 

better suited for watching our lunar satellite than for watching 

the speedier artificial ones. 

As the moon plowed through the Hyades cluster he timed 

occultations, using the observing and timing skills he had 

picked up in Moonwatch. Then in February of 1962 he realized 

there was going to be a grazing occultation of Aldebaran that 

should be visible along a line that passed through California. 



The mountains of the 

moon can be measured 

from earth by using passing 

stars for occupation mea¬ 

surements. NASA photo 
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“I started thinking about the problem a little bit and realized 

at that point I had enough information, enough knowledge to 

figure out the geometry of the equation and try to do the 

calculation,” he said. “That was the first event I tried to predict. 

I spent over a day working on the calculations. I finally finished 

them only an hour before it happened, and there wasn’t time 

to get to it.” 

But he tried anyway, jumping into a friend’s VW bug and 

heading south for San Jose and the southern limit of the graze. 

As his friend drove, Dunham watched out the window as the 

moon closed in on Aldebaran. From the car he watched the 

star disappear. They finally pulled the car over in front of Stan¬ 

ford, their archrival university, set up Dunham’s telescope, and 

timed the reappearance. 

The excitement of chasing the moon and getting as close as 

he had to seeing a graze of Aldebaran was enough to send 

Dunham back to work, calculating when the next opportunity 

would be. He wrote a FORTRAN prediction program for the 

Berkeley mainframe, and came up with six more possibilities 

for 1962. 

The next outing had clear skies, and he contacted amateurs 

from the Moonwatch program for help in observing. Four 

observing stations were set up in a line perpendicular to the 

graze path. Dunham had made an error in his calculations, and 

the moon ran over the star solidly, with no in-out grazes. 

However, the star was occulted for only 8 minutes rather than 

the 80 minutes or more it would have been covered by an 

occultation across the moon’s full diameter. 

The next several events were computed by Dunham, only 

to be hidden from view by agonizingly cloudy skies. 

When success finally came in September of 1962, Dunham 

couldn’t get away from college at Berkeley, and so he reported 

his prediction to members of the Los Angeles Astronomical 

Society and suggested they might watch for it. 

The next morning he received a phone call from one amateur 

who had tried to observe the fourth-magnitude star in Taurus 

but had failed to see a graze. This was a great disappointment. 

Dunham thought there must still be something wrong with 

his prediction calculations. This uncertainty continued for a 

few days until he received a postcard from an amateur named 

Leonard Kalish describing the star being occulted by the south¬ 

ern limb of the moon, and then briefly reappearing before being 

occulted again. 

Dunham would later do a literature search to confirm that 

Kalish’s observation made him the first person to take equip¬ 

ment into the field to observe a graze and actually see one. 

In 1936 the Royal Greenwich Observatory predicted a graze 

of Regulus across the southern limb of the moon, and members 

of the British Astronomical Society traveled to the anticipated 

graze line and rendezvoused at a pub. They were clouded out. 

Jean Meeus of Belgium began predicting grazes in the late 

1950s, and in November of 1959 one of his predicted grazes 

occurred right above the observatory at which he worked. He 

saw the event, but this didn’t involve traveling to the path and 

carrying equipment into the field. 

The weather continued to conspire against Dunham’s seeing 

one of his own grazes, but then, as if trying to make up for 

this, two grazes in a row came along—one on March 31,1963, 

and the next on April 2. For the March 31 graze, Dunham 

and a friend drove about one hundred fifty miles from Berkeley 

to a spot between Marysville and Chico, California. The moon 

was near first quarter, and the southern limb graze was on the 

bright side, making observation difficult because the sixth- 

magnitude star was somewhat overpowered by the brightness 

of the moon. 

“I was pleased to actually see one,” Dunham said, “but I 

was frustrated because it was on the bright limb and I really 

couldn’t see the multiple event. I could tell the star got really 

close to the moon. There was a period when I couldn’t see it. 

And then it came out on the other side on the tangent line I 

expected.” 

Two nights later the graze was again on the bright limb, 

with a brighter star. Dunham succeeded in observing the star 

as it disappeared, reappeared, disappeared, and reappeared. For 
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This sequence of photos 

shows a graze of Alpha 2 

Librae during a total 

eclipse of the moon at Hag 

Abdullah, Sudan, in 1985. 

The stills are from video¬ 

tape taken through a five- 

inch telescope. Photos by 

David Dunham 

The first shot shows the 

star on the moon's edge 

just before disappearance. 

The time display gives the 

date and then hours, min¬ 

utes, and seconds of uni¬ 

versal time. 

About 0.3 seconds after 

the previous shot, the star 

is back to full brilliance, 

without having completely 

disappeared. 
At 0.3 seconds after the 

previous shot, the star has 

completely disappeared, 

and remained out for sev¬ 

eral seconds. Altogether, 

eleven events were re¬ 

corded during this graze. 

About 0.3 seconds after 

the previous shot, the star 

has almost completely dis¬ 

appeared, but is still faintly 

visible. 
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eight-inch Schmidt- 
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this graze he had obtained permission to use a 12-inch refractor 

at the Lick Observatory. But when he drove up Mount Ham¬ 

ilton, just east of San Jose, he found a cloud cap had formed. 

Two hours before the graze he reluctantly left, hoping to find 

clear skies at lower elevations. This worked and so he observed 

the graze from the suburbs south of Oakland, using a much 

smaller telescope—his trusty old Christmas present, the 60mm 

Bushnell. 

Dunham still has his little refractor and it still goes out on 

grazes, but these days it is usually serving as a loaner to a new 

observer. Dunham now uses an eight-inch light-bending 

Schmidt-Cassegrain with a low-light video camera attached to 

the back. After graduating from Berkeley he went to Yale to 

earn his Ph.D. in astronomy, all the while tooling up his com¬ 

puter programs to increase the accuracy of his predictions. 

As interest in Dunham’s work grew, and as more amateurs 

and professionals became interested in his graze predictions, 

he founded the International Occultation Timing Association. 

Since 1965 Dunham figures he has observed at least one graze 

a month. And though IOTA now has members around the 

globe, he still hasn’t found enough Lewis-and-Clark-spirited 

amateurs to cover all the grazes that can be seen. There are still 

stars dancing through valleys of the moon that pass into the 

night unobserved. 

How many grazes a year in the United States go unobserved? 

“More grazes than are observed,” Dunham said. “There are 

only a few cities really where we have people organizing ob¬ 

servers. There are many major cities where we have no one 

doing this work.” 

Dunham said that even the “lone wolP’ observing grazes on 

a regular basis can make valuable contributions. If that lone 

wolf finds some more lone wolves, and if they unite into a 

pack, their pooled information becomes more valuable. 

“I wish there were more graze observers,” Dunham said. “A 

lot of amateurs are intimidated, but the observations aren’t that 

hard to make. Amateurs are used to going out and seeing 

nebulae and things like that. They are going out for enjoyment, 

and they don’t think they can really make a useful contribution. 

But certainly they can.” 

THE VALUE OF THE INFORMATION 

Before looking more closely at how graze observations are 

made and at how the expeditions are organized, it is helpful 

to consider why Dunham is so emphatic about the value of 

the contributions that amateurs are making when they help 

collect this data. 

We have walked on the moon, but not very far. We have 

even driven a skeletal automobile across the surface of the 

moon, but not very far. With orbiters and with earth-bound 

satellites we have photographed much of the moon’s surface. 

But still there are areas, especially near the lunar north and 

south poles, that are unknown to us. Dunham estimates that 

the unknown areas total about 100,000 square kilometers, or 

nearly 40,000 square miles. 

“A lot of people think we don’t need to do this because of 

the lunar orbiters that mapped the moon,” Dunham said. 



“There are two problems with the lunar-orbiter data. The first 

is perspective. Most of the pictures were taken looking straight 

down. Our aim is to try to map the moon topographically. It 

is very difficult to convert the orbiter information into profile 

information as seen from an earth-based perspective. 

“The second problem is the inaccuracy of the positions of 

the lunar orbiters when they took their photographs, because 

of the impossibility of tracking the spacecraft while it was on 

the dark side of the moon. This made it difficult to get an 

absolute reference system. In fact the errors are large enough 

that we can do better with the ground-based data.” 

Just by virtue of their existence, there is plenty of reason to 

chart the height and profiles of the mountains of the moon. 

Yet from a scientific standpoint, the acquisition of this profile 

data becomes a key to yet more information. 

The moon itself is an astrometric tool that can be used to 

measure stellar positions. To use the moon effectively we must 

know as accurately as possible what it is doing throughout its 

orbit. Occultation timings, combined with data from a laser 

reflector left on the moon in a joint U.S.-Soviet program, are 

used to improve our knowledge of the lunar orbital parameters. 

Occultation timings are especially valuable in determining ac¬ 

celeration of the moon along the ecliptic longitude. 

When the moon is used as an astrometric tool, the measuring 

is done from the edges of the moon, so the improved profiles 

made possible from the timing of grazing occultations enable 

us to use the moon more precisely. “The graze observations 

give accuracy relative to the moon to within a few hundredths 

of an arc second,” Dunham said. “This is better than any earth- 

based system can do.” 

Knowing the position of the stars is required for such prac¬ 

tical matters as guiding satellites and aiming the Space Tele¬ 

scope. Stellar positions are also monitored to determine proper 

motion and the movement of one star relative to another. From 

such measurements we determine the rotation of the galaxy 

itself. 

IOTA members also do solar eclipse timings to measure 

small variations in the sun’s radius over a period of years. Even 

a 1-percent decrease in the energy produced by the sun could 

put us into another Ice Age. So these measurements are im¬ 

portant. Again, it is the moon that is used as the measurement 

tool. And again it is the profiling work of the graze observers 

that tells us more about the size and shape of our measuring 

tool. 

Additionally, the moon is a tremendous tool for splitting 

double stars—outperforming even the 200-inch telescope at 

Mount Palomar. 

Even something as familiar as the Hyades open cluster can 

be changed when the moon goes rolling through it. The dis¬ 

tance scale of the Hyades was changed when photoelectric lunar 

occultation observations showed that one of the key stars that 

had been used in previous calculations was actually a double. 

A GRAZING EXPEDITION 

About thirty years ago an engineer from Bremerton, Wash¬ 

ington, was camping with his family on the California coast. 

Because he had been interested in astronomy since he was a 

child, Dick Linkletter was watching the night sky as he sat on 

a high bluff above the ocean. But on this night Linkletter 

noticed something he had never seen before. He turned to his 

oldest son and said, “Look. The moon is going to run over 

that star!” And sure enough, it did. 

Linkletter did some figuring in his head and told his son 

the star would emerge from the other side in 25 to 40 minutes. 

And sure enough it did. 

About twenty years later Linkletter read of David Dunham’s 

work in IOTA and, recalling his night at the ocean, decided 

to get involved. Today he is one of IOTA’s treasured graze 

leaders. He is dependable, the information he submits is ac¬ 

curate, and his long years as an engineer have made him me¬ 

thodical and logical. 

By following Linkletter’s preparation for an expedition, we 

can see what is required of a graze leader, and why as many 
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solid observers as possible are needed for the team. 

When you join IOTA you are asked to fill out a questionnaire 

that asks: “How far would you travel for a spectacular graze? 

How far would you travel for a standard favorable graze? How 

far would you travel for a marginal graze (which might be 

difficult to get good readings from)?” 

Linkletter replied, 400 miles for a spectacular graze, 400 

miles for a standard graze, and 100 miles for a marginal one. 

On the basis of his reply, a graze-prediction computer program 

kicks out a special packet of information for Linkletter when¬ 

ever a graze falls within his geographic area of interest. 

The package includes the Lunar Profile, which provides in¬ 

formation on the star’s type, magnitude, and position; and 

information on the phase of the moon, the moon’s location by 

altitude, azimuth, and the position angle of the graze, along 

with other factors. 

The package also includes a specific plot, which gives a print¬ 

out of the time and longitudinal location for the graze in one- 

eighth-degree increments. 

At this point Linkletter turns to a road atlas or other fairly 

average-scale map that has latitude and longitude marked. He 

traces the expected path of the moon during the periods of 

interest and then studies the map to see where the best points 

for observation would be. He must balance such things as 

accessibility and convenience, against any concerns for light 

pollution or other urban factors. 

If the graze occurs at 3 a.m. on a Tuesday morning, and 

most of your observers will have to be at work later in the day, 

you will want to find a location that isn’t in the middle of the 

mountains. But if the graze is of a seventh-magnitude star, you 

will have to find reasonably dark skies. 

Once he has a candidate area, Linkletter goes to the more 

precise maps created by the U.S. Geodetic Survey, available at 

any good map or hiking-equipment store. At this point the 

planning becomes more intricate. He needs to find an area in 

which he can set out his observers in a long straight line. And 

at each point he will need to be able to determine from his 

map the exact latitude, longitude, and altitude to within 20 

feet in any direction. He calls this his 20-foot cube, and he 

must create one for each observer. Each cube will be a station, 

and the number of stations he plots depends on how many 

observers he thinks he can interest from the local amateur as¬ 

tronomical societies. 

This line of stations runs perpendicular to the path of the 

moon. The more observers he has, the closer the stations can 

be together, and the more profile information will be produced. 

In planning the layout of his stations he will consider the 

predicted profile of the moon. From other research, what do 

we think is there? A mountain? A range of mountains? If so 

how high? 

The person at station one might record a miss, as the moon 

glides by, just missing the star. This observation will be valuable 

because it will set an upper limit on how high the mountain 

was. The person at station two might record a I-second event, 

meaning that the star disappeared and then reappeared so 

quickly that it must have been blocked by just a very narrow 

peak (the actual width measurement is calculated when the data 

is processed later). The person at station three might have an 

event lasting 4 seconds. The person at station four might have 

an 8-second event, followed by a second event which would 

mark the presence of a second, but lower peak. This continues 

on down the line until the final stations are getting straight 

occultations. During the most exciting occultations, one person 

might record more than a dozen events as the star pokes in 

and out of a chain of peaks. If the lunar profile is expected to 

be two miles in height, Linkletter would spread his observers 

along a two-mile line, with a majority of the observers toward 

the high end to measure the peaks. 

Long before the event takes place, Linkletter will drive to 

his candidate area and use his geodetic map to identify surveyed 

roads, intersections, and other non-changing landmarks. He 

will consider how heavy the traffic flow at night is, whether 

there is enough room for a volunteer to pull well off the road 

and set up, and whether there will be problems with streetlights 



or obstructions to the view. He also carries a 100-foot steel 

tape measure and wooden stakes for marking the exact location 

for a station when other landmarks aren’t sufficiently clear. 

Linkletter carries an instrument called an Abney which works 

rather like a sextant, enabling you to tell the height in degrees 

of hills and trees. This is important when planning stations for 

a graze when the moon will not be high in the sky. 

Part of Linkletter’s preparation is contacting the local police 

to let them know exactly when and where his observers will 

be. In cases in which he wants to use private property he will 

talk to the owners, provide information about the project, ask 

their permission, and then invite them to look through the 

telescope before or after the graze. This is crucial because there 

are many stories of frightened people calling the police about 

people with cannons and bazookas. Also, people sometimes 

think that the telescope is being used to invade their privacy 

or to plan a burglary. 

After all of these steps have been taken, Linkletter draws 

exceedingly clear maps for the volunteers, including unambig¬ 

uous written directions. It would be difficult for an observer 

to get lost using one of his expedition maps. Included on the 

map are directions to the central rendezvous point—such as a 

parking lot—where everyone will gather well before the time 

to man the stations. 

Part of getting the word out to the local amateur-astronomy 

community is providing information on what kind of equip¬ 

ment is needed. Unless you are dealing with a faint star, you 

don’t need much in the way of a telescope. Linkletter, like 

Dunham, began his occultation observations with a 60mm 

refractor, though he now uses a short-focal-length six-inch 

Newtonian. 

Each observer must have an accurate timepiece, and by far 

the best tool is a shortwave radio capable of receiving the WWV 

broadcast of the universal time signal. Radio Shack sells some¬ 

thing called the TimeKube which is less expensive than a full 

shortwave set and is said to work well. Sometimes additional 

antenna wire can be added. Linkletter recalls one expedition 

on which someone used a bow and arrow to shoot a length 

of wire over a tree branch. 

The third crucial component is a dependable tape recorder. 

The idea is to have the tape recorder pick up the WWV time 

at the same time it is picking up your comments. Some ob¬ 

servers will say CCD!” when the star disappears and “R!” when 

it reappears. Others will say “Out!” when the star disappears, 

and “In!” when it reappears. The tape for a multiple-event graze 

could sound like this: “Out! In! Out! In! Out! In! Out! In!” 

And so on. It is nights like that that make grazes so exciting. 

Robert Fisher (left) and 

David Dunham with a typ¬ 

ical visual setup, in this 

case for a daytime graze of 

Jupiter near Nevada City, 

California, in 1965. Photo 

by David Dunham 
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This series of maps shows 

the work of nineteen ob¬ 

servers of the graze of 
Delta Cancri, observed on 

Astronomy Day, May 9- 

10, 1981. Maps and illus¬ 

trations by David Dunham 

The observed profile of the 

graze. 
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The northern limit of the 

Delta Cancri graze across 

the northern United States. 
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The detailed topographic 

map showing the locations 

of nine of the stations; the 

others were to the east. 

Lines were drawn on the 

map parallel to the pre¬ 

dicted limit at 0.1-mile in¬ 

tervals. The resulting bands 

were numbered, and ob¬ 

servers were asked to set 

up at road intersections in 

the band with the number 

assigned to them. 
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But no matter how excited your voice becomes, there is 

always the pleasantly reassuring tock, tock, tock of the atomic 

clock in the background on universal time. Linkletter suggests 

using a stereo tape recorder if possible, so one microphone can 

be clipped near your mouth, while the other is nearer the sound 

of the WWV clock. Microphones are also helpful when carrying 

the recorder deep inside layers of clothing for cold-weather 

grazes. If the recorder is not kept warm, the batteries can 

fluctuate or fail in their delivery of power, and the lubricants 

within the machine can congeal to slow or stop the flow of 

the tape. But without external microphones, the well-padded 

tape recorder might not record a thing. 

Those able and willing to invest in video cameras can create 

a valuable permanent record of the event. The tape can be 

timed against a WWV radio, or you can add a device that puts 

exact time (which should be tested against WWV) digitally on 

the tape. 

One all-important rule is to allow plenty of time to drive to 

the observation site and set up your gear. “It’s not like most 

other observations,” Linkletter says. “You’ve got to be there 

and set up and observing with your radio and recorder going, 

or you’ve wasted your trip. That puts a little extra tinge of 

excitement. It makes people very enthusiastic.” 

Another graze expedition leader, Gerald Ratley of Gilbert, 

Arizona, speaks of the grazes that get away for lack of observers, 

and of the great joys that come when you are able to get a 

team out and observe one. He especially likes doing asteroidal 

occultations. He speaks of the excitement of just being “part 

of this geometry. 

“Here we have this little rock way out in the solar system 

and we can tell that it is going to pass in front of this star at 

this time,” he says. “It’s neat! It really is a thrill when you can 

be there with a telescope at the right place at the right time to 

see this happen. There is no other way to put it. It’s just thrilling 

to observe.” 

Those who put aside other matters to venture out on ex¬ 

peditions are sometimes rewarded with a special exhilaration 

that comes from a job well done. Upon reaching the Pacific 

Ocean William Clark wrote: “Ocean in view! Oh! Joy!” 

And who knows? Your expeditioning might even get your 

name on a map someday. Just as there is a Lewiston, Idaho, 

and a Clarkston, Washington, the International Astronomical 

LJnion has affixed David Dunham’s last name to an interesting 

piece of real estate—a recently discovered asteroid. 

THINGS TO DO 

The best way toping into the world of observing grazing occultations 

is to become a member of the International Occultation Timing 

Association (for the address, see the Resources section of this book). 

Write IOTA for membership information, and start thinking about 

some of the intriguing questions that you will be asked—such as: 

How far would you travel to see a great occultation ? 
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Variable-Star Observation 
CHAPTER 

FIVE 

The lifespans of stars make those of us humans seem like just 

the wink of an eye. But during this wink, there are many things 

we can pursue, one of which is monitoring the sometimes 

unpredictable lives of variable stars. 

It is a heroic and ambitious chore to take on. The life of a 

human is measured in decades, the life of a star in billions of 

years. But during our short lives we can make observations of 

the stars, and because there are people who care about this 

work, because there is an organization called the American 

Association of Variable Star Observers, the measurements that 

are made beneath the night sky can live beyond any one of us, 

over and again archived and used, archived and used, so that 

the efforts of many can be united into a body of one. 

Perhaps all the great passions of human beings are rooted 

in our fight against the temporal nature of life. We try to make 

a difference, to contribute something—anything—that might, 

in some way or another, last. For the amateur astronomer, the 

AAVSO is a living repository, a place where your astronomical 

data can live, and through this archiving you can become part 

of the great transgenerational flow of knowledge called science. 

While it falls short of immortality, it provides true purpose for 

your work. And anytime you can find purpose in life you should 

grab it and hit the pavement running. 

The measurement of stellar magnitude goes clear back to 

the ancient Greek astronomer Hipparchus, who categorized 

the stars by brightness. Since he preceded the telescope by 

several hundred years he dealt only with the naked-eye stars, 

dividing them into six classes. 

It wasn’t until 1596 that the Dutch amateur astronomer 

David Fabricius watched a third-magnitude star in Cetus slowly 

fade from view over a span of weeks. It took another forty 

years to learn that this star, which would later be cataloged as 

Omicron Ceti, followed an up-down cycle of 332 days. So it 

was Omicron Ceti, first known as Mira, which means “won¬ 

derful,” that taught us that the very objects we held as being 

forever unchanging could indeed show variance in the bright¬ 

ness of their light. 

In 1784 a nineteen-year-old English astronomer named John 

Goodricke discovered a star that varied from 3.6 magnitude 

to 4.3 in the astonishing period of just 5.4 days. The star was 

Delta Cephei, and it is the flagship of the Cepheid class of 

variables. 

Friedrich W. A. Argelander, a German astronomer who pub- 61 



lished a masterful catalog of 458,000 stars in 1862, became 

fascinated by variables during his survey work. Often referred 

to as the “Father of Variable Star Observers,” he wrote an 

article in 1844 entitled “An Appeal to the Friends of Astron¬ 

omy for the making of certain interesting and useful, as well 

as easily conducted, observations in various branches of heav¬ 

enly knowledge.” Part of this article is quoted in the back of 

the AAVSO observing manual. The article is the same com¬ 

bination of impassioned plea for help and invitation to great 

joys that, perhaps in different words, can still be heard today. 

When Argelander wrote his eloquent plea for help there were 

18 known variable stars. Today the AAVSO monitors more 

than 2,000 variables. Yet this is just a fraction of the variables 

that have been found. 

Dr. Janet Mattei, AAVSO director, puts it this way: “In the 

field of variable stars, amateurs are essential and vital because 

there are approximately 30,000 variable stars that are known, 

and there are not enough astronomers, professional or amateur, 

to monitor them continuously. 

“It is really left: to the amateur to monitor as many variable 

stars as possible and to keep records of these stars so that 

astronomers can use these accumulated data to correlate their 

observations made with specific telescopes so they can under¬ 

stand these stars better—both their physical parameters and 

their evolution.” 

WHAT MAKES A STAR VARY? 
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Variable stars can be divided into two general groups: intrinsic 

variables, in which changes in brightness are caused by actual 

changes within the star, and extrinsic variables, in which the 

brightness change is caused by the eclipsing action of a com¬ 

panion star. 

The intrinsic variables are often older stars that have left the 

main sequence. Many of the intrinsics, including Miras, Ce- 

pheids, and RV Tauri stars are red giants in which the long 

years of fusing hydrogen catch up with a star. Like a fire be¬ 

coming buried in ashes, the helium byproduct of hydrogen 

fusion fills the core. With the great fusion furnace at the core 

of the star extinguished, there is no longer the energy required 

to support its mass. The helium core begins to contract, but 

in the process it becomes hot enough to reignite hydrogen 

fusion in the band of hydrogen outside the core. Like a car 

being jump-started, the star is saved, for the time being, from 

collapse, and the hydrogen-fusing shell expands outward, swell¬ 

ing the star into a red giant. When our sun experiences this 

natural aging process some five billion years from now, our 

earth will be swallowed by the sun’s staggering expansion. 

Variables are often classed according to the first or best 

example of their kind to be found. In this way Mira gave rise 

to a whole class of Mira-type variables. Delta Cephei gave rise 

to the Cepheid variables. And RR Lyra became the namesake 

for the RR Lyrae class of variables. 

Argelander, the great cataloger and the father of variable- 

star observing, devised a nomenclature that used the letters R 

through Z for labeling variables within each constellation. As 

more variables per constellation were found, the stars could be 

labeled RR, RS, RT, and so on, and then SS, ST, SU, until 

exhausting the alphabet at ZZ. RR Lyra was the tenth variable 

star to be found in the constellation Lyra (though the first to 

show its particular type of pulsating behavior). 

As more variables were found, a second set of double letters 

was made use of, beginning with AA and extending to QQ, 

while omitting J. This allows for 334 stars per constellation. 

The 335th star in any constellation is simply given the number 

V335, and so on. 

A companion nomenclature, developed by the Harvard- 

Smithsonian, consists of the four digits representing the star’s 

right ascension (which is the celestial equivalent of longitude), 

followed by the two digits representing the star’s declination 

(which is the celestial equivalent of latitude). With this system 

the full designation of Z Ursae Majoris would be 115158 Z 

Ursae Majoris, showing that the variable has a right ascension 

of 11 hours 51 minutes and a declination of 58 degrees. The 



declination is underlined if the declination is southern, so that 

Mira would be 021403. 

ECLIPSING VARIABLES 

John Goodricke, the astronomer who discovered that Delta 

Cephei was a variable when he was nineteen, and who died at 

age twenty-one, made another significant contribution during 

his brief life by explaining why Algol (Beta Persei) regularly 

cycled between magnitudes of 2.1 and 3.4. 

Goodricke theorized that the regularity in magnitude shifts 

could come from a binary system in which a dark companion 

blocked part of Algol’s light each time it passed in front of the 

star. Algol’s orbital period is just under 69 hours, with the 

eclipse lasting about 10 hours. Auother eclipsing binary, Ep¬ 

silon Aurigae, has a period of 27 years and an eclipse lasting 

about 700 days. 

Algol is sometimes referred to as a dark-eclipsing variable 

because its dark companion is so dim that there is very little 

effect (measurable only with photometric equipment) when 

the bright star eclipses its companion. 

With other binary systems, such as Beta Lyrae, the com¬ 

panion star is sufficiently bright to cause a noticeable drop in 

the total magnitude when it is eclipsed by the primary. Beta 

Lyrae can be referred to as a bright-eclipsing variable, and the 

drop in magnitude from the companion being eclipsed is called 

the main minimum, while the drop in magnitude from the 

companion crossing the face of the brighter star is called the 

secondary minimum. 

Beta Lyrae has an orbital period of 12 days, with a maximum 

brightness of 3.4 magnitude, a secondary minimum of 4.3, and 

a main minimum of 3.8. 

In one sense eclipsing binaries aren’t “true” variables, as the 

change in magnitude comes from an extrinsic source. Yet it is 

important to record their brightness variations and chart the 

variations in graphs called light curves. This information can 

be used with spectroscopic data to determine the brightness 

of the primary and secondary stars, their diameters, the shape 

and inclination of the orbit, and the individual stellar mass. 

Such information can in turn be translated into important 

yardsticks for measuring the distance to other objects. 

PULSATING VARIABLES 

In 1965 Leslie Peltier, the legendary American amateur as¬ 

tronomer who discovered 12 comets and who made more than 

132,000 variable star observations over a 62-year period, saw 

published his charming and thoroughly enjoyable book Star¬ 

light Nights. In this book he spoke of the joys of monitoring 

pulsating variables. And when he came to Cepheids he alluded 

to the astrometric knowledge that can be gained from the work. 

“These Cepheids are a loquacious lot who have tattled many 

secrets of the skies, but it doesn’t take the astronomers long 

to find out just how bright they really are,” Peltier said. “Then 

they put them in their proper place.” 

The tattling of secrets went unheard until the early 1900s, 

when Harvard astronomer Henrietta Leavitt found a way to 

see what they were talking about. 

Cepheids are classic intrinsic variables. The changes in 

brightness come from the pulsing of energy within an unstable 

star that is alternately expanding and contracting its outer lay¬ 

ers. During these changes the brightness can vary by up to two 

magnitudes. Each Cepheid has a clockwork regularity to its 

period, which can be as brief as one day for one star, and as 

long as seventy days for another, though most Cepheids pulsate 

in periods of a few days. The period is characterized by a sharp 

rise to maximum and a slow return to minimum. 

Leavitt, studying Cepheids in our two nearest galaxies, the 

Large and Small Magellanic Clouds, used her Cepheid light 

curves to discover a key relationship between the length of the 

period of a Cepheid’s fluctuations and its luminosity. What she 

found was, the longer the fluctuation, the greater the lumi¬ 

nosity. 

This is called the period-luminosity relation, and with it a 
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star’s absolute magnitude can be determined. When the ab¬ 

solute magnitude is known, the difference between it and the 

apparent magnitude allows for calculation of the star’s distance. 

The constancy of the period-luminosity relation from Ce- 

pheid to Cepheid has made these variables valuable measuring 

tools for determining the distances of other objects. In the 

words of Peltier, they have “tattled many secrets of the skies.” 

RR Lyrae variables are another type of pulsating star, related 

to Cepheids, but with a more rapid period—usually less than 

a single day, and sometimes less than two hours. RR Lyrae 

stars were first called “cluster variables” because they tend to 

be found in globular clusters. Because of the uniformity in 

luminosity of all RR Lyrae stars, they have served as excellent 

astrometric tools in measuring the distance to their clusters. 

RR Lyraes, which are giant stars, tend to have a total bright¬ 

ness fluctuation, or amplitude, of between one and two mag¬ 

nitudes. Unlike the Cepheids, they tend to be the venerable 

Population II stars, which means they were created from early 

hydrogen clouds, free of the heavy elements that would come 

later when the first generations of stars began to explode as 

supernovae. When you look at an RR Lyrae star you are look¬ 

ing at an object that might be more than twelve billion years 

old. 

RV Tauri variables are pulsating supergiants with alternating 

deep and shallow minima. The periods, measured from one 

deep minimum to the next deep minimum, range from 30 to 

150 days, with a total brightness-variation amplitude of as 

much as three magnitudes. 

Long Period, or Mira, variables are huge but cool giant stars— 

either red giants or supergiants—that have brightness ampli¬ 

tudes ranging from 2.5 to 5 magnitudes or more. The periods 

of these pulsating stars are generally stable but not precise. 

Mira’s period can vary from about 300 to 360 days. Other 

Mira-type long-period variables have a period as short as 80 

days, while some stretch out to 1,000 days. 

Because of their variation in period as well as amplitude, the 

Miras, over a long time of careful tracking, yield an interesting 

light curve. 

Semiregular variables are red giants and supergiants that have 

a general pattern of periodicity, but less than what is seen in 

the Mira-class stars. The semiregulars also show less amplitude 

than Miras, generally not more than one or two magnitudes. 

The period of semiregulars ranges from 30 to 1,000 days. 

Irregular variables have either no pattern or only a hint of 

one to their light-variation periods. Because so little is known 

about the irregulars, the efforts of amateur observers are es¬ 

pecially valuable. The long-term charting of light curves may 

provide some insight into the seemingly sporadic pulses of 

these stars. 

Some irregulars might be rapid rotaters rather than pulsating 

stars. In this model the generally small rises in brightness would 

be attributed to great clouds of luminous gases being hurled 

from the star’s surface by the intense rotational forces. 

ERUPTIVE VARIABLES 

Dwarf Novae, or U Geminorum-chss stars, are tight binary 

systems in which a white dwarf orbits with a normal star. The 

stars are so near one another that the gravitational attraction 

of the white dwarf pulls huge amounts of hydrogen gas from 

the surface of its companion. When the concentrations of this 

newly arrived hydrogen become sufficiently dense, there is a 

spectacular eruption and the rapid rise in brightness. 

The amplitude for these variables can range from two to six 

magnitudes. And the period between eruptions can range from 

several days to several years. When a star erupts, so much energy 

is released, and the rise in brightness can occur so swiftly, that 

the stars are often called cataclysmic variables. It is this unpre¬ 

dictability, coupled with the large amplitude, that makes the 

stars so popular with variable-star observers. 

Z Camelopardalis is the prototype of a class of eruptive var¬ 

iables that tend to “get stuck” on their way down after erupting. 



They can stay constant at a middle magnitude for months 

before continuing down to minimum. 

Flare stars are as wildly acting as the name implies. Though 

they may remain at minimum for weeks or months at a time, 

within a matter of minutes they can increase in brightness by 

several magnitudes, and then return to minimum just as fast. 

Unlike the dwarf novae, the flare stars are believed to erupt 

from within, without assistance of a companion. 

R Coronae Borealis is the prototype of a class of stars that 

can unpredictably drop in brightness anywhere from one to 

nine magnitudes. The drop appears to be caused by accumu¬ 

lation of carbon soot in the stellar atmosphere. The drop in 

magnitude can occur within a single day, or over a period of 

months. 

R Coronae Borealis, for example, can shine for several years 

at its sixth-magnitude maximum before tumbling down to 14.5, 

where it might remain for several months until it begins the 

slow climb back up to maximum. 

R Coronae Borealis stars are the mirror image of most erup- 

tives, as their normal state is at bright magnitude and it is only 

during an event that they diminish. 

NOVAE AND SUPERNOVAE 

Novae, like the eruptives, are in close binary systems. A nova 

system consists of a white dwarf and a normal star, with the 

white dwarf pulling hydrogen fuel from its companion. A nova 

is particularly interesting because of the soaring brightness that 

can increase by 7 to 16 magnitudes. Some novae reach peak 

brightness in less than 24 hours, while others slowly build 

brightness for more than a year before peaking. 

Though the explosions of the borrowed hydrogen are vast, 

they occur on the surface of the star, and seem to have little 

effect on either the dwarf or its companion. The return to its 

original magnitude typically happens very slowly, over a period 

of years and sometimes decades. All the while additional bor¬ 

rowed hydrogen is apparently being accumulated for the next 

explosion. 

Recurrent novae have a faster recycling time and can explode 

every several years or so. 

Supemovae are the most magnificent erupters of them all, 

increasing their brightness by 20 magnitudes or more as they 

explode with the light of an entire galaxy. A supernova occurs 

when an old star has exhausted its core of hydrogen fuel. With 

the faltering of the fusion furnace, the star’s great mass starts 

collapsing inward. The thermal energy created by the collapse 

ignites the hydrogen in the outer layers of the star. This unspent 

hydrogen can represent a billion years’ worth of fuel, and so 

it is no exaggeration to say that a supernova can explode with 

the power of a billion suns. 

It was the eruption of CM Tauri in 1054 that gave us the 

Crab Nebula. In November of 1572 there was a spectacular 

supernova in Cassiopeia that was brighter than Venus and 

visible throughout the day. It is sometimes referred to as Ty¬ 

cho’s Star, because we were fortunate to have it observed by 

Tycho Brahe, who followed it as a naked-eye star for seventeen 

months. In October of 1604 a supernova in Ophiuchus, called 

Kepler’s Star, exceeded Jupiter in brightness for more than a 

month. 

Though nearby supernovae are exceedingly rare, with cen¬ 

turies often passing between discoveries, astronomers were 

fortunate to have been able to monitor, clear from its neutrino- 

shower beginning, Supernova 1987A, which occurred in one 

of our satellite galaxies, the Large Magellanic Cloud. 

IN SERVICE TO SCIENCE 

With so very much going on out there, with the tattling of the 

loquacious Cepheids, the rapid pulsing of the RR Lyrae, the 

stately procession of the Mira long-period variables, the un¬ 

certainty of the semiregulars, the chaos of the irregulars, and 

with dwarf novae stealing hydrogen kisses and then erupting 
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with passion, with all of this and so much more going on night 

after night in the world of variable stars, one can better un¬ 

derstand why AAVSO director Janet Mattei can say it is “al¬ 

most a crime” to have a fine telescope and not join those who 

are in service to science. 

Those who do give variables a try often feel that the crime 

is that they didn’t learn about this activity sooner. They speak 

of the variables as their friends, and say that it is their departure 

from the norm, their outbursts followed by their hitting bot¬ 

tom, that seem to make these stars touchingly human. 

Added to all of this joy is the ever-present benefit of knowing 

that your reported observations are being used to advance as¬ 

tronomy. The examples of how AAVSO members have aided 

professional astronomers go on and on. And they all point to 

the same fine partnership between the dedicated amateur and 

the professional. 

Mattei shared some of these stories with amateur astrono¬ 

mers when she addressed the 1987 Riverside Telescope Makers 

Conference. She spoke of a group of MIT astronomers who 

early in 1973 were using a space-based X-ray detection device 

to monitor Cygnus X-l. With some extra time to kill, they 

turned their detector toward SS Cygni. 

“I remember vividly their call to the AAVSO office,” Mattei 

told the group at Riverside. “They asked, cCould you tell us 

what SS Cygni was doing on March thirty-first, 1973?’ 

“We looked at the light curves we had obtained from the 

observations that our members had sent and it looked like 

March thirty-first was right smack in the middle of the maxi¬ 

mum. So I told the astronomers that SS Cygni was up and 

was at maximum at that time, and they said, Wonderful! We’ve 

just discovered something!’ 

“I asked what they had discovered and they said, That SS 

Cygni is an X-ray source.’ 

“They gathered all their information, used the light curve, 

and sent their paper to Astrophysical Journal Letters, saying that 

for the first time X-rays were being detected from a cataclysmic 

variable. Apparently the editors of Astrophysical Journal Letters 

sent the paper back and said, This is not possible. Look at 

your data again.’ They did. And they said, There is no question: 

X-rays are coming from SS Cygni when it is up.’ The paper 

was accepted but they couldn’t say they detected X-rays. They 

said they probably detected X-rays.” 

The detection of X-rays provides a lot of information about 

what might be happening with a star. In the case of close binary 

systems, such as cataclysmic variables, the presence of X-rays 

would support the model of a dwarf nova exploding from the 

hydrogen it is pulling from its companion. 

Over the next few years, X-ray detection satellites randomly 

checked SS Cygni and other cataclysmic variables, but because 

the stars weren’t checked at maximum, no X-rays were detected. 

The need to know more about cataclysmics as an X-ray source 

was so important that the joint American-Russian Apollo-Soyuz 

mission in 1975 had the observation of cataclysmic variables 

as one of its science projects. But time is so precious on space- 

based instruments—especially on the manned ones—that no 

one could afford to stand by waiting for a cataclysmic to go 

up. So the professional astronomers and the National Aero¬ 

nautics and Space Agency turned to the AAVSO for help. 

Recalling the Apollo-Soyuz mission, which wanted to mea¬ 

sure extreme ultraviolet wavelength emissions from SS Cygni 

when it was up, Mattei spoke with great pride in her voice as 

she told about the special alert notice that was sent out to 

AAVSO members around the world. 

As the astronauts and cosmonauts circled the globe, amateur 

astronomers kept a vigil on SS Cygni. It was early in the morn¬ 

ing that Mattei’s home phone began to ring. SS Cygni was 

beginning to go up and AAVSO members throughout the 

United States and from abroad were calling to let her know. 

Mattei relayed the word to NASA, which relayed the message 

to the men in space. 

Because of what some amateur astronomers on earth saw 

through their six- and eight-inch telescopes, all attention aboard 

the Apollo-Soyuz was turned to a dwarf nova that was begin¬ 

ning to erupt. The experiment was a success. SS Cygni, during 



eruption, was a source of X-rays and emissions in the extreme 

ultraviolet. 

Satellites provide a dramatic example of how the AAVSO 

is crucial to astronomy. And as more astronomical satellites are 

launched, the need for AAVSO members will only increase. 

This same kind of assistance is frequently requested for as¬ 

tronomers using the great land-based instruments. In a study 

to see what other wavelengths cataclysmics pulsed at, astron¬ 

omers at Kitt Peak and other observatories gave the AAVSO 

a long list of cataclysmic variables and asked to be notified 

whenever any of them went up. 

“Again, thanks to the dedicated efforts of the observers, as 

soon as any of these stars went up, we would get calls and 

immediately call the astronomers at the different observato¬ 

ries,” Mattei said. “They found that the stars not only pulsated 

in very short periods in X-rays, but they also did this in multi¬ 

wavelength colors. In the blue, in the violet, in the yellow and 

the ultraviolet.” 

GETTING STARTED 
IN VARIABLE-STAR OBSERVATIONS 

Janet Mattei places so much value on bringing new members 

into the AAVSO that she personally works with each new 

observer to help him or her learn how the work is done. The 

membership application asks for your astronomy experience 

and the size and type of telescope you use. 

From this information Mattei selects star charts for you to 

work with. For beginners, the AAVSO has easy star-hopping 

charts for variables that have plenty of bright stars around them 

and excellent comparison stars for checking a variable’s mag¬ 

nitude. Mattei will select more challenging practice charts for 

new members with larger telescopes and a lot of experience. 

Once observers are up to speed, they are free to choose their 

own stars for observation. 

It doesn’t take a big telescope to observe variables, according 

to AAVSO Council member John Griese of Rocky Hill, Con¬ 

necticut. “We have variables for everyone. A number of our 

members are using binoculars. Some are using six- or eight- 

inch telescopes. I know that a number of Dobsonians are being 

used. I don’t think there is a typical telescope. We have C-8s, 

Odysseys, Questars, and homemade telescopes.” 

The only things that are required, according to Mattei, “are 

persistence, patience, and dedication.” 

USING THE AAVSO CHARTS 

The first place the persistence and patience will be required is 

in your first attempts at finding a variable. The AAVSO has 

excellent charts that are designed to make this effort as easy as 

possible, but it is more difficult to find a lone variable than it 

is to locate something spectacular like a Messier or NGC object. 

The AAVSO has “finder charts” which cover an area of sky 

10 by 12 degrees. Once the variable has been located you can 

turn to the AAVSO’s field charts, which provide a blow-up 

view of just a few degrees around the variable. These charts 

include the magnitudes of the comparison stars. 

Very soon you will be able to go tearing from one variable 

field to the next with the greatest of ease. Many observers can 

find their star and make the estimate within two or three min¬ 

utes. But the initial frustration that some might feel upon first 

trying to find a variable is worth mentioning so you won’t feel 

alone. 

The great Leslie Peltier, one of the AAVSO’s earliest mem¬ 

bers, described in his book Starlight Nights the frustration he 

encountered on his first variable-star searches: 

As soon as darkness fell I bundled up and, with tele¬ 

scope, atlas, and charts in my mittened hands, I went out 

to find my variables. Two hours later when I returned, 

half frozen, to the fire I had not found a single one. 

Nor was I any more successful on several succeeding 

nights, and I was becoming more and more discouraged. 
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Finally, however, on the night of March 1, 1918, I set 

the telescope up near the northeast corner of the house to 

keep out of the wind and got out my chart of the variable 

R Leonis. I pointed the telescope at the fourth-magnitude 

star Omicron Leonis and using it as a base of operations 

I started exploring the adjacent territory. To my great 

delight, about a minute later and just a little more than 

one field to the northeast of Omicron I found the tiny 

triangle of stars with R, my first variable, forming one 

angle precisely as shown on the chart. 

Even if it takes you several hours to find a variable, don’t 

feel discouraged; each time the locating becomes increasingly 

easy. And again, the AAVSO has developed charts for especially 

simple variables to allow you to ease into this exciting work. 

LEARNING TO ESTIMATE MAGNITUDE 

The AAVSO charts provide the magnitudes of several non¬ 

variable stars located near the variable. The comparison stars 

are selected for their stability and to provide a wide range of 

brightness. Decimal points aren’t used in listing magnitudes, 

for fear that the dot might be mistaken as a star. So a magnitude 

of 6.7 would be written as 67. 

The comparison stars should all fit within the same field of 

view as the variable, enabling you to make your comparisons 

without having to move the telescope. Looking back and forth 

between the variable and the comparison stars, you determine 

the one that most closely matches the magnitude of the variable. 

If you happen to find a perfect match between the variable and 

a comparison star, you need only check your AAVSO chart 

for the comparison star’s magnitude. 

For the times when there isn’t a perfect match, there is a 

method called “bracketing,” in which you find the two closest 

comparison stars, with one being brighter than your variable 

and the other being fainter. If the brighter one has a magnitude 

of 9.1 and the dimmer has a magnitude of 9.3, then you can 

safely estimate the variable’s magnitude at 9.2. 

Your comp stars aren’t always so perfectly matched to where 

the variable is in its cycle. If the brighter comp star has a 

magnitude of 9.1 and the nearest you can come to a dimmer 

star is 9.5, you will need to determine how much brighter the 

variable is than the dimmer comp star, and how much fainter 

it is than the brighter comp star. If it appears to be halfway 

between, you can make an estimate of 9.3. If it seems closer 

to the 9.1 star than to the 9.5, your estimate would be 9.2. 

Some variables will be beyond the range of your telescope 

while at minimum. To record your observations on such oc¬ 

casions, note the faintest comparison star on the chart and 

record that on this night the variable was fainter than that. An 

open parenthesis is used as shorthand for “fainter than.” This 

means that if your faintest comp star was 12.7, your report 

would read (12.7. 

The more you practice the estimation of magnitude the easier 

it becomes. One way of developing this skill is to make esti¬ 

mates on nonvariable stars of known magnitude and then check 

to see how close you were. It is easy to develop your estimating 

to within a few tenths of a magnitude, which is all the AAVSO 

asks of its observers. But with more practice you will probably 

develop the ability to estimate to the nearest tenth. 

Because of the eye’s more acute sensitivity to the color red 

in dark surroundings, something called the Purkinje effect 

(named for the nineteenth-century Bohemian physiologist who 

first described it), extra care must be taken when doing mag¬ 

nitude estimates of red stars. Because so many variables are 

red, one should be aware of the tendency to see the star as 

brighter than it really is. One way of reducing error is to avoid 

staring at the red star. Instead, glance quickly back and forth 

between the variable and the comparison stars. 

This rapid glancing back and forth can also be effective when 

estimating the magnitude of cataclysmics that sometimes have 

a flickering light. 
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Far left: SS Cygni in "up" 

state. Photo by Charles E. 

Scovil, courtesy of Stam¬ 

ford Observatory 

Left: SS Cygni in "down" 

state. The photo was taken 

at Stamford Observatory 

using a 22-inch Maksutov 

reflecting telescope for a 

25-minute exposure. Photo 

by Charles E. Scovil, 

courtesy of Stamford 

Observatory 
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Howard Louth at the en¬ 

trance to the Louth Ob¬ 
servatory in northwestern 

Washington. Photo by 

Alan Macfarlane 
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In the beautiful countryside of northwestern Washington state, 

on Hathaway Road, far outside the town of Sedro Wooley, 

there is a handsome little observatory that houses a magnificent 

II-inch Maksutov. The sixteen-sided observatory, the Mak¬ 

sutov, and the photometer that plugs into the back of the 

telescope were all built by the hands of Howard Louth, one 

of the AAVSO’s most prized observers. 

I had seen two of Louth’s handmade photometers prior to 

visiting his observatory, and each was a testament to crafts¬ 

manship, intelligence of design, and the wonders of what one 

could make with a rebuilt industrial milling machine and lathe. 



But nothing could have prepared me for the beauty of his 

Maksutovs—either the 11-inch in the observatory or the 6- 

inch in his precision workshop. 

Also inside the observatory is a steel electronics equipment 

rack into which Louth has secured his Commodore 64 com¬ 

puter, printer, photometer amplifier, and other electronics. There 

will always be a need for visual variable-star observers. But in 

some ways the system that Louth has put together speaks of 

the future. 

A photoelectric photometer measures a star’s brightness either 

by counting the number of photons that are streaming from 

the star into the telescope or by converting the photon energy 

into a current, the intensity of which is measured. The mea¬ 

surement can be made either with a photomultiplier tube, in 

Howard Louth uses his 

11-inch Maksutov to make 

exquisite light curves of 

variable stars. Photo by 

Alan Macfarlane 
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Within the Louth Observa¬ 

tory, the brightness infor¬ 
mation from the 

photometer is processed by 

a personal computer. 

Photo by Alan Macfarlane 

which the arrival of each photon sets off a cascading electron 

event, or with a solid-state detector. In either case, the result 

is the same—precision brightness estimates down to the nearest 
NEW HORIZONS hundredth of a magnitude. 

amateur ASTRONOMY The measurement is made by first centering the variable in 

~~ Z~ y°ur field of view, and then engaging a tiny diaphragm, typ- 

' ^ ically about the diameter of a paper-clip wire, which isolates 

the variable from its neighbors. In this manner only the photons 

from the targeted star will be counted. The photon count is 

usually done for a period of five to ten seconds, and the total 

number of photons arriving during that period can either be 

shown on a digital readout or be run directly into a computer. 

The procedure is repeated on one or more comparison stars, 

and then the diaphragm is set upon a star-free area of the field 

to determine the background light of the sky. 

In Louth’s system, the computer takes a five-second photon 

count four separate times for each step. It then averages the 

samples for the variable, the background light, and the com¬ 

parison star. The computer also registers the Julian date to four 

decimal points each time a measurement is made. (The decimal- 

based Julian calendar system makes such calculations easier.) 

The former Boeing engineer has programmed in some ultra- 

precise refinements, such as correcting for the difference be¬ 

tween geocentric and heliocentric time, and providing an 

extinction coefficient to normalize for variations in the amount 

of atmosphere when tracking a variable for a long period of 

time. 

Louth has a variable-star observing program that encom¬ 

passes 30 stars, all of them rapid eclipsing binaries. These are 

extremely challenging variables to work with but, he says, “there’s 

something happening every night. It’s not like watching paint 

dry.” 

Though the AAVSO asks its members to send in their ob¬ 

serving reports monthly, Louth will wait until he has a com¬ 

plete light curve finished—often with 100-300 or more data 

points, and sometimes unfolding into three or four feet of 

lateral paper length—before sending it in. The AAVSO finds 
his work worth waiting for. 

The best model for the completely automated observatory 

can be found on Mount Hopkins in Arizona, where Russell 

Genet and Louis Boyd have a highly developed system. Their 

automated variable-star photometry facility has three tele¬ 

scopes, all of which are regularly run without human assistance. 



Cloud and rain sensors plugged into a computer determine 

whether the observatory roof should be opened. And a program 

of requested variable-star observations will slew the scopes 

through their appointed rounds and collect all the photometric 

information. 

The price of photometers has been coming down for several 

years. You can now buy one for under a thousand dollars, and 

if you have even a portion of the skill of a Howard Louth you 

may be able to build your own. Indeed, Brian Marsden once 

told me that he wished more amateurs would build things like 

photometers and spectrometers and become accomplished at 

using them. 

Should you decide to get into photometry there will be 

plenty that you can do. The AAVSO has special photometry 

programs, including the important task of doing photometric 

measurements of the comparison stars when the charts are made 

up for a new variable that is being officially added to the AAVSO 

program. 

Despite the precision measurements afforded by photoelec¬ 

tric photometry, Janet Mattei is emphatic about the long-term 

need for visual observers. She points out that photometry is 

important for small-amplitude variables that change less than 

a magnitude, but that visual observations are of great value for 

the other types of variables. 

John Griese also spoke of the value of the visual observer, 

and how only a small fraction of the AAVSO membership 

currently uses photoelectric photometry equipment, and about 

the nice interaction that occurs between a human and the eye¬ 

piece. In the computerized data banks of the AAVSO there 

are millions of magnitude findings, and attached to each esti¬ 

mate are the initials of the amateur who made it. 

AN INVITATION 

In the files of the AAVSO there are stacks of letters from 

professional astronomers expressing their thanks. J. Craig 

Wheeler of the University of Texas at Austin wrote to say, 

“Nothing has given me greater pleasure in the last several years 

than the realization that the kind of data I needed. . . was 

readily available as the fruits of the efforts of the AAVSO.” 

From Alan H. Batten of the Dominion Astrophysical Obser¬ 

vatory of Canada’s Herzberg Institute of Astrophysics came a 

letter saying, “Every astronomer who studies any kind of var¬ 

iable star has had occasion to be grateful to those who have 

contributed to the vast store of observational data accumu¬ 

lated by your organization.” George Field of the Harvard- 

Smithsonian Center for Astrophysics wrote, “I want to say 

how important a role the Association has played in the devel¬ 

opment of astronomy.” And Ernie R. Seaquist of the Univer¬ 

sity of Toronto wrote, “The AAVSO is one of the most impor¬ 

tant astronomical institutions in the world.” 

So if you wish to put your telescope into the service of 

science, the AAVSO is a good way to go. And it needs more 

amateur astronomers. And more than ever it needs your help. 

“In the late 1980s and through the 1990s several very pow¬ 

erful satellites will be launched,” Mattei says. “There is the 

Space Telescope. Then we will have the ROSAT and EXSAT 

X-ray satellites, and then there will be HIPPARCOS, the Eu¬ 

ropean astrometric satellite. 

“All of these satellites will have variable stars in their ob¬ 

serving programs,” Mattei says. “For all of these satellites the 

collaboration of amateur astronomers is being asked and will 

be asked. So, the coming ten to fifteen years will continue to 

be the Golden Age for amateurs in this field.” 

This is why Griese says, “The AAVSO is looking high and 

low for new members.” 

In addition to feeling good about your contribution to sci¬ 

ence, there is also the special magic in working closely with 

variable stars. 

Not surprisingly, this specialness is quantified nicely by Les¬ 

lie Peltier in his Starlight Nights: 

So many of the variable stars are total nonconformists 

and, for me, this constitutes their greatest charm. It is their 
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unpredictable behavior, more than any other factor, which 

has so long sustained my interest and has made the watch¬ 

ing of them a literal ten ‘Thousand and One Nights” of 

entertainments. . . . There is nothing in all the world of 

the sky that will provide a more lasting source of interest 

than will these amazing antics of the variable stars. 

The Thousand-and-One-Nights wonderment of the stars isn’t 

lost on Griese, who compares his nights with the stars as “sort 

of like a mystical experience. 

“Stars are very individualistic in their behavior,” Griese says. 

“Each one is different. Each one has what I call a personality. 

And each one has a different personality. They are like people. 

I consider them to be friends.” 

THINGS TO DO 

If you would like more information about variable-star observing, 

write to the American Association of Variable Star Observers, whose 

address is in the Resources section at the back of this book. 

If you would like more information about using photoelectric 

photometry in studying variable stars, write to International 

Amateur-Professional Photometric Photometry at the Dyer Observ¬ 

atory (see the Resources section for the address). 
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Hunting for Comets 
CHAPTER 

SIX 

On November 13,1984, an ancient resident of the solar system 

was passing through the neighborhood, closing to about 106 

million miles of earth as it accelerated toward a gravitational 

appointment with the sun. The visitor had come this way be¬ 

fore, but that had been nearly 57,000 years ago, and a like 

period would pass before it would come this way again. 

About forty miles southeast of Tucson, Arizona, amateur 

astronomer David Levy was in his backyard with his 16-inch 

f/5 Dobsonian-mounted reflector named Miranda—after an 

eloquent character in Shakespeare’s The Tempest who spoke of 

a brave new world. Levy was hunting in the constellation Aquila, 

continuing a search he had begun nineteen years earlier. He 

had logged 917 hours trying to discover a comet, but it wasn’t 

until he was 28 minutes into his 918th hour that his first find 

came into view as a 9.4-magnitude bit of nebulosity. 

The next night, Michael Rudenko of Amherst, Massachu¬ 

setts, was 140 observing sessions and 247 hours into his hunt 

for a first find when the comet came into the field of his six- 

inch f/8 refractor. 

That evening Rudenko was telephoning Dan Green, who is 

Brian Marsden’s assistant at the Central Bureau for Astronom¬ 

ical Telegrams at the Harvard-Smithsonian Center for Astro¬ 

physics. The line was busy. Green was talking to Levy, who 

was providing a second-day position report on the comet that 

hadn’t yet been confirmed or announced—leaving the door 

open for Rudenko’s discovery to be credited too. As soon as 

Levy hung up, Rudenko got through. 

Less than an hour later Brian Marsden called Rudenko to 

make it official. “It looks like this one is Comet Levy-Rudenko 

1984t,” Marsden said. 

In this manner Rudenko and Levy joined one of the most 

exclusive nonexistent clubs in the world—that of the comet 

discoverers. 

Since 1984, Rudenko has gone on to make his second dis¬ 

covery, Comet Rudenko 1987u (the letter u signifies it was 

the 21st comet discovered in 1987). And Levy has added sec¬ 

ond and third finds, Comet Levy 1987a and Comet Levy 1987y. 

And now, he’s added 1988e. 

The international club includes such great amateurs as Aus¬ 

tralia’s William Bradfield, who has discovered 13 comets, Great 

Britain’s George Alcock, who has discovered 5, and Japan’s 

Minoru Honda, who has discovered 12. 79 



Every comet hunter hopes 

to discover something as 

spectacular as Comet 

West—which had a tail 

that astrophotographers still 

talk about. This March 

1976 photo was taken 

through the Schmidt tele¬ 

scope at Kitt Peak National 

Observatory. Photo courte¬ 

sy of the National Optical 

Astronomy Observatories 
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Certainly those who dedicate their lives to the discovery of 

comets have to be among the most dedicated and passionate 

of amateur astronomers. 

The night Rudenko discovered his second comet, he simply 

confirmed his sighting by checking the location against his star 

charts and catalog. He then turned his telescope to fresh sky 

and continued hunting through the night. 

When Rudenko telephoned Dan Green at the Harvard- 

Smithsonian Center to report the find, he was emphatic that 

his name not be released to the press. 

“I prefer not to get attention,” he later explained to me. 

“That’s not why I am doing this.” 

The same is true of Don Machholz, the San Jose, California, 

amateur who discovered Comet Machholz 1978/, Comet 

Machholz 1985e, and Comet Machholz 1986e. 

“Some people think we are in it for fame and glory and 

money,” Machholz said. “There is no money in it. There’s not 

a whole lot of glory in it. There is some fame, I guess, but that 

is kind of subtle. I mean, people around the world who are 

amateur astronomers know who Levy, Machholz, and Ru¬ 

denko are. It doesn’t make things a whole lot different. The 

world keeps spinning on its axis.” 

A COMET’S LIFE AND TIMES 

On that nice blue-sky day at the Riverside Telescope Makers 

Conference, when Levy and Machholz and I sat together under 

the pines talking about their passion for comets, Levy touched 

upon one of the more intriguing aspects of these objects: their 

place in time. 

“Maybe there is something about the purity of comets and 

what they represent,” he said. “They are uncontaminated rep¬ 

resentatives of the primordial solar system. They were held in 

deep freeze for four billion years, sitting out there [until grav¬ 

itationally perturbed into a new orbit] and then they start 

coming into the inner solar system. Comets are fresh, clean, 

Comet hunter Don Mach¬ 

holz with his 10-inch f/3.8 

telescope. Photo by Rich 

Page 

Comet hunter David Levy 

says, "Maybe there is 

something about the purity 

of comets and what they 

represent—uncontami¬ 

nated representatives of the 

primordial solar system." 

Photo by Liz Matty 
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unpolluted material. They are Rosetta stones. They tell us so 

much about out history and our heritage.” 

Comets appear to be the leftovers from the material that 

condensed into our solar system. Spectroscopic analysis of the 

gases surrounding the nucleus of a comet indicates the presence 

of hydrogen, carbon, oxygen, water, ammonia, and methane, 

along with many other elements and compounds. 

All comets are gravitationally bound to our sun, but in most 

cases they have highly eccentric orbits subject to change in 

accordance with the amount of gravitational pull they encoun¬ 

ter as they cross the paths of the planets. At its closest approach 

to the sun, a comet might be well within the orbit of Mercury; 

afterward it can travel far beyond the orbit of Pluto. The orbital 

period of some comets is measured in thousands, even millions, 

of years. 
Each year several new comets are found. Some of these new 

comets have passed near earth before, but have gone unde¬ 

tected, while it is believed others have been gravitationally 

perturbed into a new orbit that brings them into earth’s neigh¬ 

borhood for the first time. 

There may be a massive supply of new comets just waiting 

to be perturbed our way if the theorized Oort Cloud actually 

exists. In 1950 the prominent Dutch astronomer Jan Oort put 

forth the model of a huge spherical cloud of comets surround¬ 

ing the solar system out to a distance of perhaps 100,000 

astronomical units. Such a cloud could be the home to trillions 

of comets. 

Oort first rose to prominence in the 1920s with his accurate 

description of our galaxy’s shape and motions. In the nearly 

four decades since his comet-filled Oort Cloud was suggested, 

the work of other astronomers around the world has strength¬ 

ened his case. The expanse of comets he described is so great 

that even our neighboring stars could be the gravitational agents 

that perturb comets onto new, and perhaps earth-passing, or¬ 

bits. 

When a comet does come our way, it generally becomes 

visible through an amateur’s telescope sometime during its 

passage between Jupiter and Mars. 

A comet has three main parts: The nucleus is believed to be 

a core of frozen gases along with bound-up meteoroid material 

ranging from space dust to pebbles or more. The head, or 

coma, is the nebulous cloud of gases and debris that surrounds 

the nucleus. The third element is the tail, which is basically the 

increased coma being elongated by the pressure of the solar 

wind and sunlight as the comet approaches and then departs 

from its appointment with the sun. 

An earlier model for comets saw them as swarms of meteor¬ 

oid material, gravitationally bound to each other and circling 

the sun like a great pile of sand. Photographs of some comets 

showing a lack of a defined nucleus suggest that in some cases 

this model might apply. 

But the most prevalent type of comet appears to fit the model 

by Fred Whipple, former director of the Harvard-Smithsonian 

Center for Astrophysics. Formally his description, which he 

introduced in 1950, is known as The Icy Conglomerate Model, 

but it is more commonly referred to as The Dirty Snowball 

Theory. 

Whipple developed his model when he looked at the orbital 

rates of the rapid periodic comet Encke. Encke returns every 

3.3 years, but by studying its orbital characteristics Whipple 

found that it was returning about two and a half hours earlier 

on each of its loops around the sun. Comet Encke was breaking 

gravitational laws, so Whipple theorized that the acceleration 

was due to the forces generated by outgassing from the frozen 

nucleus as the comet entered and exited perihelion—its nearest 

distance to the sun. 

Although comets generally aren’t very massive—the nucleus 

might be no more than a few miles across—the gaseous coma 

emanating from the nucleus can extend for hundreds of thou¬ 

sands of miles or more. Especially when nearing perihelion, 

the tail of a large comet can protrude for more than a hundred 

million miles. 



The great brightness of a comet relative to its low mass is 

caused by sunlight reflected from the coma and tail, as well as 

by the intrinsic glow of the ionization of the gases the comet 

is releasing ever more rapidly as it approaches the sun. 

A comet near perihelion will often exhibit two or more 

divisions in the tail. The main divisions are between the clouds 

of ionized gas and the heavier clouds of dust particles. After 

rounding the sun, the ionized tail may lead the comet rather 

than follow it. This is caused by the solar wind, which is the 

force exerted by the flow of subatomic particles being ejected 

by the sun. The dust tail is affected to a lesser extent by these 

forces, but it can still be swung outward in a beautiful arc. 

HOW TO SEARCH 

Comet hunters tend to be exacting and analytical (as well as 

patient) individuals. During the course of putting 1,700 hours 

into finding a first comet (as was the case with Comet Machholz 

1987/), you have plenty of time to think about and tinker with 

your methodology. 

Machholz became so intrigued by methodology that he put 

great effort into studying how others had discovered comets. 

The result of this work is a spiral-bound book that he wrote 

and published—A Decade of Comets: A Study of 33 Comets Dis¬ 

covered by Amateur Astronomers Between 1975 and 1984. 

The book is packed with extremely valuable information for 

anyone who might want to enter the comet-hunting game. 

One of the most interesting sections of the book is 

part 2, “The Individual Comets,” in which Machholz provides 

a case history of each of the 33 comets found during the decade 

of study. Machholz tells you a little about the discoverer and 

a lot about the technical aspects: what types of telescope and 

eyepiece were being used, what the exact position and mag¬ 

nitude were at discovery, what the moon was doing, and a 

whole lot more. 

Another full section deals with the time of discovery, show- 

This stunning shot of 

Comet Bennet was cap¬ 

tured by Hugh Entrop from 

his backyard in Seattle. He 

strapped a camera with a 

telephoto lens alongside 

his 3V2-inch Questar for 

this long exposure photo, 

taken on March 31, 1970. 
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ing that 20 were discovered in the morning sky and 13 in the 

evening sky, and providing a month-by-month breakdown of 

the discoveries. 

Machholz’s book, which is precisely written and illustrated 

with easy-to-understand graphs and tables, also examines in 

depth the speed and direction of the comets, and the elongation 

(number of degrees from the sun), and tells which constella¬ 

tions have provided the best hunting grounds. 

One of the more interesting tables lists the size and type of 

telescope for each find, as well as the number of hours that 

went into the search. The instruments range from a pair of 

7 x 35 binoculars in the able hands of Australia’s William 

Bradfield (though he normally uses a 6-inch f/5.5 refractor he 

built from an old portrait camera lens) to the 19-inch f/4.8 

reflector of the Russian amateur Kazimeras Cernis. The more 

common sizes were 6- to 10-inch reflectors and 6-inch refractor. 

The average time spent searching for a find was 286.8 hours, 

although the range was from less than 1 hour for Japan’s Hi- 

roaki Mori, to Machholz’s epic 1,700 hours. 

Mori was on an incredible streak the night he discovered 

1975k, which was his second comet. For it had been just 70 

minutes earlier that he had discovered his first. 

Michael Rudenko has also put a lot of analysis into his comet 

hunting. He has written a paper titled “Comet Hunting by the 

Numbers” in which he studies the discovery statistics behind 

457 telescopic discoveries reported from 1680 through Comet 

Levy 1987y. 

The long-established methodology for hunting comets has 

involved sweeping the sky in a horizontal, vertical, or equatorial 

pattern, overlapping the fields of view for a measure of safety. 

A horizontal search pattern is the most common, and tradition 

says that as many as 75 percent of comets are found in the 

morning sky—a figure that Rudenko disputes. 

Whether you are searching the morning sky or the evening 

sky, the logistics are much the same. Because all comets must 

keep their gravitational appointment with the sun, amateurs 

search the “haystack” area that extends 50 degrees or so to the 

north and south of the rising or setting sun. 

An evening search should begin as the twilight gives way to 

first darkness. A morning search begins two or three or more 

hours before sunrise—depending upon how aggressive you are 

about getting out of bed. The main difference between the 

two times of searching is that an evening hunt begins on the 

horizon and works upward, while a morning search generally 

begins at the highest point you wish to search and works down¬ 

ward to the horizon. 

Just how high in altitude the sweep is carried varies from 

observer to observer, but many will go as high as 45 degrees, 

while some go to 60 degrees or more. Machholz’s study showed 

that comets found in the morning sky averaged an altitude of 

24.6 degrees, while comets found in the evening sky averaged 

28.3 degrees. 

Rudenko found that 57 percent of the 457 comets found 

between 1680 and 1987 had been discovered in the morning 

sky and 43 percent in the evening sky. “I would not put too 

much stock in any claims that the morning sky is overwhelm¬ 

ingly better than the evening sky for comet hunting,” Rudenko 

writes. “It is interesting to note in examining the distribution 

of morning versus evening sky telescopic discoveries for the 

past ten years—a period during which much emphasis and 

effort have been placed on morning sky coverage—that only 

55 percent of the comets were found there; a far cry from the 

supposed 75 percent we have been led to expect.” 

Rudenko’s well-researched and clearly written paper then 

takes on the notion of the comet haystack. He doesn’t question 

that indeed comets stack up there, he just uses an analysis of 

previous discoveries to identify the most fruitful areas to search. 

His data show that “the area of sky between 30 and 75 degrees 

elongation has been far and away the richest zone for discov¬ 

eries, followed by the area from 75 to 105 degrees, as well as 

25 to 30 degrees elongation. Of least profit are the areas greater 

than 105 degrees or less than 25 degrees from the sun.” 



Don Machholz is part of a 

great amateur tradition, 

using simple materials to 

create precise and accessi¬ 

ble comet-seeking instru¬ 

ments. Note the use of 

angle iron and plumbing 

pipe for the base of his 10 

inch reflector, barbells for 

the counterweight, and 

shag carpeting to pad the 

tube. He also included a 

built-in clipboard for star 

charts on the telescope 

mount. 

Rudenko also introduces the rather charming idea of the 

Comet Corral—a method of searching in which the observer 

creates a “fence” on either side of the sun. By watching these 

two fences, you can catch a comet either coming or going. 

This method is especially helpful for those living in climates in 

which a paucity of clear nights doesn’t allow frequent sweeping 

of the entire 30-to-75-degree area that Rudenko has identified 

as being the richest. 

So, where do you set up your fences? Rudenko suggests one 

fence might cover an area from 25 to 30 degrees elongation, 

while the second fence might cover an area of 105 to 110 

degrees elongation. “The idea, of course, is to catch the comets 

before they enter the primary hunting grounds, where the ma¬ 

jority of the comet hunting pack are concentrating their ef¬ 

forts.” 

Rudenko writes that the fading of the full moon each month 

marks the beginning of “a new Olympiad for all who aspire to 

the quest. During the first few days after full moon, comet 

hunting takes on the spirit if not the essence of a race. Each 

night, the Moon uncovers virgin territory and allots increas¬ 

ingly lengthier portions of search time. There is a vast area of 

sky to cover and too little time to cover it.” 

He also finds, and his many tables and graphs bear this out, 

that “there appears to be something almost magical about the 

twelfth night (following the full moon), with its prodigious 

output of comet finds.” 

Just how long it takes to search an area of the sky depends 

upon things such as the size of your field of view, and the 

speed at which you can search—while being sure you aren’t 

missing anything. Obviously, the better you know the sky the 
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easier each sweep will be. The early days of a comet search 

program are marked by frequent checks of your star chart and 

catalog. Don Machholz built the tube of his 10-inch f/3.8 

reflector to have a space for a star-chart clipboard. 

Field of view is a major determinant in how quickly you can 

cover an area of the sky. Machholz will shift gears during 

different phases of his search. When he uses his 10-inch re¬ 

flector at 32 power, he gets relatively fast sweeping from the 

two-degree field of view. But there are times when he uses a 

Barlow and searches at 64 power with a one-degree field of 

view, boosting his limiting magnitude for nebulous objects 

from about 10.5 to 12. 

Additionally, Machholz has built a pair of large binoculars 

from two military-surplus aerial telephoto lenses that are five 

inches across and magnify 27 times. The lenses and their ply¬ 

wood housing and mount weigh more than a hundred pounds. 

The binoculars provide about the same field of view and lim¬ 

iting magnitude as his telescope at 32 power, but they enable 

him to sweep at a more rapid rate, because of the use of both 

eyes. 

Machholz isn’t alone in integrating different instruments 

into his program. David Levy has a collection of about forty 

telescopes, but it is chiefly his much-beloved 6-inch reflector 

“Minerva” and his 16-inch “Miranda” that are drawn into the 

program. Both are Dobsonian mounted. He uses the 6-inch 

to scan the horizon horizontally for about an hour after sunset 

and an hour before sunrise. The rest of the time is spent in 

making vertical sweeps with the 16-inch. He says he uses ver¬ 

tical motion with the larger scope just because it is easier to 

make sweeping motions in that direction. 

What happens when you actually find something that looks 

promising? here is a passage from some notes that Machholz 

made about the discovery of his first comet: 

On September 12, 1978, I covered two polar areas [he 

has divided the sky into his own 68 sweeping sections] 

and one southern area—all of which I had covered only 

two weeks ago. After two and a half hours, at 5:10 a.m., 

I swung the telescope southward and began sweeping Area 

#60. After about five sweeps of the area, I picked up a 

faint patch of diffuse light, about two degrees south-south¬ 

west of the star Sirius. It was 5:16 a.m. I was excited. I 

knew this area rather well and I knew this area was sup¬ 

posed to be clear. However, I have taught myself not to 

get too excited as I had serious work to do on this object. 

I also had to try to prove this to be something other than 

a comet. 

First Check: Star Charts—I keep the Pleso Field Edi¬ 

tion next to me. I checked Chart #X111, and saw only 

nebula 2283 here. I checked through the telescope. #2283 

was supposed to be slightly east of where this object was 

so it wasn’t on the chart. 

Second Check: Catalog—My Revised NGC catalog 

would list anything I would ever see. I keep it in the car. 

I looked up the position and found nothing listed. So far, 

so good. 

Third Check: Higher Power—Under 100 power it still 

did not resolve. It looked more promising all along. 

Fourth Check: Glare from Sirius—As I moved the tube, 

the object moved with the stars. It was not glare. I even 

rotated the tube. 

At that point I got excited and started jumping around. 

He then made a sketch of the object from the eyepiece to 

detect its motion over the next hour against the field of stars. 

However, sunrise, the bane of many a comet hunter hot in the 

pursuit of a discovery, prevented him from seeing motion. 

Machholz went home, went to work, and later in the day 

decided to send a telegram to the clearinghouse for all comet 

discoveries, the Central Bureau for Astronomical Telegrams at 

the Harvard-Smithsonian Center for Astrophysics. In the tele¬ 

gram Machholz gave the exact position, but termed it a “pos¬ 

sible comet” because the rising sun had prevented his verifying 

movement. 



Early the next morning he was back at his observing site, 

waiting for his comet to rise in the early-morning sky. It did, 

and he confirmed it had traveled nearly a full degree. This time 

he both telegraphed and telephoned the Harvard-Smithsonian 

Center. 

The step-by-step precision with which Machholz attempted 

to “prove this to be something other than a comet” is much 

appreciated by the Harvard-Smithsonian, which is frequently 

bothered by inexperienced (and sometimes professional) comet 

hunters reporting nebulae, galaxies, clusters, and other objects 

as comets. 

“The successful comet hunters learn a lot of the sky,” Brian 

Marsden said. “They know the things to avoid. And when they 

call up or send a telegram saying they’ve found a comet, they 

have. Consistently. They don’t make mistakes. They don’t even 

say T think I found a comet.’ They say T know I’ve found a 

comet.’ And they are right. 

“There has been more than appreciation for the amateur 

discoveries. Especially with the brighter comets, professionals 

are making spectroscopic observations to find out what is going 

on with these things. They appreciate the efforts of the ama¬ 

teurs like Alcock, Bradfield, Machholz, Rudenko, Levy, Rolf 

Meier, and a number of others.” 

A PASSION FOR THE HUNT 

Michael Rudenko would be something of a celebrity were he 

to attend Stellafane, Riverside, or the Texas Star Party, but 

he’s managed to make only one Stellafane, explaining: “I would 

rather be home hunting. Even when Halley was around I didn’t 

bother to look at it. I have to hunt. Once I start goofing off, 

that’s it. You have to really dedicate yourself, otherwise forget 
it.” 

His restraint on goofing off encompasses taking second looks 

at even his own comets. “After I discover a comet, I really never 

look at it again, unless it happens to fall into my patrol area,” 

he said. “I’ve got hunting to do.” 

Machholz allows himself the luxury of attending Riverside, 

but when the lights go out he is hard at work pursuing his 

passion for comets. 

At the 1985 Riverside Telescope Makers Conference, while 

most of the other amateurs were winding down or already 

asleep, Machholz awoke from a nap he had taken during the 

moonlit hours and at 1:25 in the morning began his 1,385th 

session of comet hunting. Less than three hours later he had 

found what would become his second comet, Comet Machholz 

1985e. 

The only phone he could find at the campsite swallowed his 

dimes without yielding a dial tone. He and his wife drove back 

to the motel where they were staying in Big Bear City. The 

first two phones they tried in the motel wouldn’t function 

either. 

But in time, an operating telephone was found and a call 

was made to the Harvard-Smithsonian Center for Astrophysics, 

providing the precise location and magnitude of the find. Brian 

Marsden confirmed that there had been no other new discov¬ 

eries reported, and that it was not the return of a previously 

seen periodic comet. 

The thought of discovering a comet at the Riverside con¬ 

ference sounded pretty exciting to me, and so I asked Machholz 

what he did next. 

“I could have gone back to the convention, where people 

were eating breakfast, and announced it there,” he said. But 

he and his wife just gathered their things and began the nine- 

hour drive home, sharing just between themselves the joy of 

what the sky had brought. 

To be a dedicated comet hunter means getting little sleep on 

nights that are both moonless and clear, and it means struc¬ 

turing your social life around the movement of the moon and 

the clouds. “Every one of my three comets was discovered on 

a night when I had something else to do,” Levy said. “There 

wasn’t a single one of those comets that was found on a night 

when I had nothing else to do. I had other obligations each 

time, but I just dumped them because the sky was clear.” 
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But this doesn’t mean that the nights of observing have to 

be empty of all else. Levy has built himself a nice observatory 

in his backyard. He laughs about his early days of comet ob¬ 

serving. “That was before I did it right. I was standing up the 

whole time. There wasn’t any music. I’m much more comfort¬ 

able now.” And Levy’s good friend John Griese once told me 

how much he enjoyed long late-night conversations with Levy, 

who uses a portable telephone to talk while he searches the 

sky. 

Brian Marsden will sometimes ask Levy to verify comets 

reported by others. Griese said it was exciting when during the 

course of one of their conversations Levy would report to him 

the progress of the comet as it worked its way across a signif¬ 

icant part of the field of view. 

The idea of Griese plugged into one of the telescopes at the 

Stamford Observatory in Connecticut, talking to Levy while 

he was plugged into the 16-inch at his own observatory, seemed 

like a nice way to look at stars. I like to think their conversation 

was transmitted by way of a geosynchronous telecommuni¬ 

cations satellite, so that their voices, as well as their eyes, were 

dwelling in the same areas of space. 

AN INVITATION 

Something that Levy, Machholz, and Rudenko can’t under¬ 

stand is why more amateurs don’t take the step into a systematic 

comet-hunting program. 

“Levy and I have talked about how many there are in the 

world,” Machholz said. “I’d say there are fifty systematic comet 

hunters in the world. He thinks there are about a hundred. I 

say in the U.S. there are about five. It seems like the same 

people continue to find comets again and again. And if that is 

happening, you have apparently only those few persons search¬ 

ing. Even in Japan it is quite often the same people.” 

‘There’s plenty of opportunity,” said Rudenko. “People claim 

that there are dozens or hundreds of comet hunters around the 

world, but I tend to think that coverage is very poor. All you 

need is to have it cloudy in Japan, and David is always traveling, 

and Don is taking night school now, and all of a sudden, nobody 

in the world is looking! 

“If as many people were looking for comets as is sometimes 

claimed, every single comet would have multiple discoverers. 

The fact that you get these single-discovery comets like Comet 

Rudenko, Comet Machholz, and Comet Levy shows that there 

aren’t that many people looking. 

“Of course you never know how many hidden amateurs 

there are,” Rudenko continued. “I know some people, like Paul 

Maley [a Houston amateur who has distinguished himself in 

meteor and grazing occultation work] who haven’t yet found 

a comet but who hunt quite a bit. And who knows? Levy and 

I have both given a number of talks on how to play this game. 

You never know if somebody in the crowd might be listening.” 

Even if a few more amateurs were to break into the ranks 

of successful systematic searchers, you could probably still count 

the total numbers for this country on one or two hands. I asked 

Machholz whether the sense of competition might frighten 

some away. 

“I don’t see us as being competitive as much as enjoying the 

challenge,” Machholz said. “It’s not me against Levy, or me 

against the Japanese. I don’t know if I’m against anything. 

Maybe thirty percent of all comets wouldn’t have been found 

by any other searchers if the discoverer had not found them. 

Levy found a comet earlier this year which I never would have 

found. In fact, both of his comets this year I never would have 

found. One was too faint, about eleventh magnitude. 

“With my third comet, Rudenko wrote and said he had 

swept that part of the sky two days before I found mine and 

he didn’t see it because he stopped at the treetops near his 

house,” Machholz said. “The poor guy didn’t see it because of 

the trees. I missed his because either it passed through an 

overlap from one night’s viewing to the next, or else I actually 

swept over it and didn’t see it. So I missed his most recent 



Two classics of the sky are 

captured in this photo— 

Comet Halley appears as a 

bright ball in the lower left 

corner, as the magnificent 

Pleiades star cluster shines 

brightly above. The photo 

was taken in November 

1985 at the Cerro Tololo 

Inter-American Observa¬ 

tory in Chile. Photo cour¬ 

tesy of the National 

Optical Astronomy 

Observatories 
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one. There are probably always comets out there that get away 

from us.” 

David Levy puts it this way: “The sky has comets for anyone 

who wants to give it the time.” But he cautions that really to 

find happiness in comet hunting you have to approach the 

night sky with the right attitude. 

“It is a way of seeing the sky on its own terms. It is a way 

of going outside and deciding: I don’t know what I’m going 

to look at. I want the sky to show me whatever it feels like 

showing. 

“So I’m going to wander about in sweeps of declination or 

right ascension, or in sweeps of altitude or azimuth, and I’m 

just going to see what the sky turns out. It may be a galaxy or 

a red star or something that I know of, or something I don’t 

know of, or it may be a new comet. 

“But don’t go out with a do-or-die attitude that you’re going 

to find a comet if it’s the last thing that you do,” Levy says. 

“Just let the sky work its wonder on you.” 

Don Machholz agrees. “A lot of the reward is in the search¬ 

ing. Finding a comet is kind of a fringe benefit to all the 

searching. 

“If someone goes out thinking, T’m going to search for a 

comet and it’s not going to be fun until I find one,’ he is really 

going to be disappointed. You have to enjoy the search. You 

have to enjoy the challenge. Because the end doesn’t necessarily 

justify all the time you spend.” 

So if you decide to dive into this world, the sky will demand 

patience of you. But during this time of waiting, it will be 

sharing with you some glorious things. 

Machholz says that at the conclusion of nearly every night 

you search for comets, you will have come out without a comet. 

But on the other hand, you will be able to start the next day 

knowing that you’ve just seen perhaps thirty galaxies and a 

majestic collection of nebulae and clusters. 

“If I didn’t like spending time beneath the night sky, I wouldn’t 

continue comet hunting another moment,” he says. “It has 

something to do with liking the sky. And either you have that 

or you don’t.” 

Michael Rudenko also speaks of the joys to be found by just 

spending time beneath the night sky. 

“You see a lot of nice nebulae, clusters, and asterisms [in¬ 

teresting star patterns] all the time, which is always nice,” Ru¬ 

denko says. “You would be surprised how exciting it is to all 

of a sudden come across M81 when you aren’t expecting it. 

All of a sudden, BOOM! There it is. So you get to see the sky 

a lot. It gets you out into the stars, which is what it is all about, 

right?” 

So if you decide to venture out into the night sky and become 

a regular partner with it, there will be a new celestial show 

unfolding each night before your eyes. And on one of those 

nights—perhaps three hundred or four hundred hours into 

your total search time—you might come across a fuzzy object 

that is just dropping into our neighborhood for the first time. 

You can welcome it on behalf of the earth and let everyone 

know so other eyes can come out to greet it. 

“It gives a feeling deep, deep inside,” said David Levy. “I 

feel that awards, for me, are totally unnecessary. Because no 

award, no matter how high, can equal the thrill of discovering 

a comet.” 

THINGS TO DO 

Hunting comets is a specialized field, and the best writing about it 

is of a specialized nature. If you think you might be interested in 

hunting for comets, the best starting point is to write to Dave 

Machholz and ask for a copy of his excellent book A Decade of 

Comet Discoveries. His address is in the Resources section of this 

book. 

Another excellent starting point is Michael Rudenko’s fine paper 

“Comet Hunting by the Numbers.”His address also is listed in the 

Resources section. 
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The Nova Patrol 
CHAPTER 

SEVEN 

Out in the Milky Way, within the area of Cygnus, there is a 

constellation you have never heard of. It’s called the Roller- 

Skating Lion and it even looks kind of like its name. 

In the same area of sky, between 21 hours and 22 hours of 

right ascension, and between 35 degrees and 40 degrees dec¬ 

lination, there is also the charming constellation Child on a 

Faint Slide. And between these two constellations is a sweedy 

swayed line of stars called Yielding Bamboo. 

It is with this gende and poetic eye that Peter L. Collins, 

an amateur astronomer from Scottsdale, Arizona, patrols our 

galaxy for the emergence of novae. 

Even rarer than comet hunters are those who spend their 

nights in search of a nova. Nova means “new,” and a new star 

is what one sees when a star explodes from 17th to 7th mag¬ 

nitude in a matter of hours, and then over a period of days or 

weeks or months slides back into darkness. 

Perhaps more than any other astronomer, the nova patroller 

must know the sky intimately. If the Milky Way were to display 

a single extra star tonight, who could possibly notice? 

Chances are good that Peter Collins would, especially if the 

nova showed up as an extra wheel on his lion’s roller skates, 

as an extended branch on the swaying bamboo, or as anything 

else that would change the nearly two hundred constellations 

he has created so far in an ongoing effort to memorize all the 

stars of the Milky Way. 

Collins used to work as a computer programmer at the Stew¬ 

ard Observatory, and would go up on the building’s roof to 

think. (“There’s just something about observatories,” he recalls 

wistfully. “It is just a very civilized thing to have a roof and a 

telescope.”) He was on the roof the day he came upon the idea 

of creating his own constellations. He later wrote a paper about 

this, which was published in the Journal of the American As¬ 

sociation of Variable Star Observers. 

One of those who read the article was the Reverend Kenneth 

Beckmann, who is now the chair of the AAVSO’s Nova Search 

Committee. When asked how he has managed to memorize so 

much of the Milky Way, Beckmann credits the Collins article. 

“I feel that his article outlined very clearly how to create 

binocular star constellations,” Beckmann said. “You learn the 

particular star patterns of an area, memorizing them after a 

period of time of going back to them again and again. When 

I discovered Nova Vulpecula 1987, it didn’t take me more than 

just a couple of minutes to realize what it was. I just had to 

check for motion and also check the ephemerides that were at 91 
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my disposal to determine that there was not a planet or asteroid 

or something else at that particular location.” 

A LOT OF TERRITORY 

One of the great amateurs in both comet and nova hunting is 

Great Britain’s George Alcock, who has discovered five comets 

and four novae. Beckmann estimates that Alcock has memo¬ 

rized 20,000 stars. 

In his paper, Collins wrote that Alcock’s memorization of 

the Milky Way down to 8th-magnitude stars “stands as one of 

the great observational feats of the twentieth century. But I do 

believe that his achievement, or a portion thereof, is within the 

reach of many.” 

Both Collins and Beckmann speak of patrolling the “sum¬ 

mer” Milky Way and the “winter” Milky Way. The summer 

Milky Way could be loosely defined as running from the gal¬ 

actic center in Sagittarius, through Cassiopeia. The winter 

Milky Way would encompass the area from Perseus down 

through Pyxis and Puppis. 

The AAVSO has delineated 230 nova search areas along the 

Milky Way, with each area measuring approximately 1 hour 

in right ascension by 10 degrees in declination. 

Statistically, the chances of finding a nova increase the nearer 

you search to galactic center. Part of the strategy of searching 

for novae is in deciding which of the 230 search areas you 

want to concentrate on. The next step is to divide each search 

area into binocular star constellations and memorize them. 

So far Beckmann has about forty search areas memorized. 

“I don’t have the entire heavens memorized,” he said with 

a laugh. “But what I’ve done in terms of a systematic approach 

is go to the areas that have the higher incidence of nova dis¬ 

coveries. For example, Nova Cygni 1978 was discovered in 

area number twenty-seven. There have been at least three novae 

discovered in area twenty-seven within the past century.” 

Similarly, Beckmann was patrolling a search area that had 

yielded four or five discoveries over the past century when he 

made the independent discovery of Nova Aquila in 1982. And 

when he was first discoverer of Nova Vulpecula 1987, he was 

in a search area that had yielded three or four novae in recent 

years. 

But even with the statistics of previous finds working with 

you, it can be a long wait for a discovery. In fact the wait for 

a first discovery or an independent discovery can be so long 

that both Beckmann and Collins use the term “patrol” when 

describing their work. 

“Patrol emphasizes the idea that even a negative observation 

is useful,” Collins said. “It means that you went out there and 

checked for novae and you gave the sky a clean bill of health, 

so to speak.” 

“You spend hours and days and weeks and months not 

finding any novae,” Beckmann said. “So you are keeping neg¬ 

ative records. But overall, I think you feel good afterwards just 

knowing that you were doing something that is going to be 

valuable for posterity. People will look back on these records 

and say, Those observers were looking for this particular pe¬ 

riod of time and they didn’t discover any novae. That tells us 

something about the frequency of these outbursts in the galaxy.’ 

So the negative observations are just as important as the pos¬ 

itive ones.” 

There is another benefit, something beyond the contribution 

to science. And that is simply the thoroughness with which 

you come to know the stars. 

“There has been for a very long time in my life a real sense 

of joy just to be able to look up into the heavens and to watch 

the stars move across the sky,” said Beckmann, a minister in 

the United Church of Christ. “To gaze upon the stars that are 

such a tremendous distance away, and in some way to partic¬ 

ipate and contribute to the growing knowledge of astronomy, 

is pure enjoyment. There is pure enjoyment in what I do.” 

In his Journal of the AAVSO paper Collins wrote, “The nova 

hunter must cultivate the patience of a stone Buddha, main¬ 

taining his enthusiasm through the reaches of time and starry 

space.” 92 
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If an extra star appeared in 

the Milky Way tonight, 

would you notice? Nova 

patrollers like Peter Collins 

and the Reverend Kenneth 

Beckmann could. Photo by 

Eric Friberg, a fourteen- 

year-old Seattle amateur 

astronomer, courtesy of 

Hugh Entrop 

THE NOVA PATROL 

93 



"There is pure enjoyment 

in what I do." The Rever¬ 

end Kenneth Beckmann. 

Photo by Tad Deluca 
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But he also allowed that the Buddha could take enjoyment 

in what was to be seen, writing, “A great pleasure of the patrols 

is the easy familiarity one gains of the starry heavens, and the 

splendor of the objects visible.” 

EQUIPMENT AND PROCEDURES 

If nova patrolling requires a lot of patience and memorization, 

at least you get off easy on equipment. This is an area of 

astronomy where you don’t want to use more power than 

needed, and that power can usually be had with a pair of 

7 x 50 binoculars. 

In establishing a nova patrol program you must decide on 

what your limiting magnitude will be. That is, beyond what 

range will you ignore the stars in your field of view? In order 

that your binocular constellations not be confused by stars 

beyond your limiting magnitude, you don’t want to use ex¬ 

cessive power. 

For this same reason, a little bit of city light pollution can 

be helpful. Collins conducts many of his patrols from the bal¬ 

cony of his apartment building, sitting out by the railing in a 

lawn chair with 10 x 50 binoculars in hand. His general lim¬ 

iting magnitude is about 7.75, but in some areas he has “deep¬ 

ened” his patrolling to 8.5, creating new constellations along 

the way to keep track of the fainter stars. 

When studying areas directly overhead he will lie on a chaise 

longue or flat on his back on the lawn or a roof to patrol the 

sky. He only occasionally uses a tripod because he likes the 

freedom of motion that comes from holding the binoculars in 

his hands. He said he was curious about binocular holders that 

are worn on the shoulders or chest but hadn’t tried them yet. 

Beckmann, who works to a limiting magnitude of 8.5, uses 

a pair of 10 x 50s, generally sitting in a chair, and a pair of 

10 x 80s which he uses with a tripod. 

The only other equipment required is in the form of star 

charts and atlases. Something like Tirion’s Sky Atlas 2000.0\ 

Uranometria 2000.0or the field edition of Skalnate Pleso’s Atlas 

of the Heavens is needed. Another important tool is the AAV SO 

Variable Star Atlas created by Charles Scovil, or the General 

Catalog of Variable Stars. A photographic atlas, such as the 

Vehrenberg Atlas of Deep Sky Splendors, is also of great value. 

The AAVSO has an information package for members in- 



terested in creating their own nova patrol programs. Included 

in the package is a listing of the 230 nova search areas and 

their coordinates. 

After deciding which areas you want to search, you can find 

the area in a star atlas and use tracing paper to copy the stars 

in the area down to your limiting magnitude. This tracing 

should then be checked against the sky to make sure it matches 

what you see through your binoculars. Nova patrollers, as well 

as variable-star observers, can speak of the occasional incom¬ 

pleteness of star atlases. 

Once you are satisfied with your tracing, it is time to sit 

back, take another look, and let your imagination conjure up 

some constellations to help you make sense of the area. You 

might want to make several photocopies of your original trace 

sheets so you can play around with broken lines connecting 

one star to another until you have the binocular constellation 

you like. 

“A Spirit of Search” is the name of a fine paper that Beck¬ 

mann has written about his experiences in setting up a nova 

patrol program. In it he spoke of the joy he found in creating 

binocular constellations. “Just as the ancients created constel¬ 

lations in their myths, so the nova hunter may also create 

constellations for an equally honorable purpose,” he wrote. “It 

is a romantic endeavor to think of yourself as taking part in 

an ancient art, the invention and recognition of constellations.” 

INTERLOPERS AND SUSPECTS 

A lot of memory work will be required before you can easily 

glide from one search area to the next on your patrol. Initially 

there will likely be a lot of double-checking of your binocular 

constellation worksheets and your atlas. 

When you have a nova suspect, or “interloper,” that doesn’t 

show as a star in your atlas, you should check it for movement 

to determine if it might be a satellite, asteroid, comet, or planet. 

Movement can’t be readily detected on some slower-moving 

objects, so an astronomical ephemeris also should be consulted. 

Both Collins and Beckmann have been triggered into veri¬ 

fication mode by Uranus and Neptune interloping through 

their fields. As for asteroids, only the four or so largest are 

likely to show with sufficient magnitude to be noticed in your 

patrol. 

Collins gets five or six suspects a night, sometimes as many 

as twelve. 

“You’ve got to look up your suspects in your standard atlas, 

and ninety percent of them will be dismissed immediately,” 

Collins said. “Normally you save up three or four suspects and 

then go inside and look them up. But in all the cases where a 

real nova was found, I had immediately gone in and looked it 

up. 

“If it’s not in your baseline atlas, you have to go to a pho¬ 

tographic source, because none of the atlases is complete. I use 

the Vehrenberg.” 

Another step is to take the suspect’s position of right ascen- 

The Reverend Kenneth 

Beckmann enjoying the 

view from a chaise longue 

in his backyard. Photo by 

Tad Deluca 
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sion and declination from your working charts, or better still, 

examine it with a telescope to determine more precisely its 

coordinates by measuring its proximity to fairly bright stars, 

the positions of which you can obtain either from your atlas 

or from something like the Smithsonian Star Catalog. 

If the object still defies identification, you can check the 

General Catalog of Variable Stars and see if there is a known 

variable in that position. Just as variable-star observers can 

determine magnitude by bracketing their estimates against 

comparison stars, so the coordinates of the suspected nova can 

be determined through bracketing the suspect’s position in 

relation to the coordinates of known stars. 

The next step, at least for members of the AAVSO, is to 

contact AAVSO headquarters or the chairperson of the 

AAVSO Nova Division. Otherwise, or even additionally (es¬ 

pecially if you feel experienced enough to put your reputation 

on the line), you can telephone or telegraph Dr. Brian Marsden 

at the Central Bureau for Astronomical Telegrams at the 

Harvard-Smithsonian Center for Astrophysics. 

Prompt reporting is important because one of the great 

contributions that an amateur makes is alerting professional 

astronomers who can study the nova spectroscopically. 

Someday soon amateurs may be doing their own spectro¬ 

scopic work. Brian Marsden is a big booster of the idea of 

amateurs building their own spectrometers and becoming 

adept at working with spectroscopic information. 

In a related area, Peter Collins would like to see amateurs 

acquire charge-coupled devices (CCDs) or other state-of-the- 

art photometric equipment and pool their efforts to create a 

complete photometric atlas of the sky. 

“One thing I find appalling about astronomy is that there 

is no photoelectric catalog complete to any reasonable mag¬ 

nitude,” Collins said. “I think a few dozen amateurs, properly 

equipped, could put together a large photometric catalog in a 

year or two. That would be really exciting. It wouldn’t be a 

whiz-bang discovery program. It would be a solid, very large 

contribution. And it should be within the reach of amateurs 

in the not too distant future.” 

ADVENTURES IN A NEW FIELD 

In one sense, nova patrolling can be traced back at least as far 

as the eleventh-century Chinese, who built towers from which 

naked-eye astronomers could monitor the heavens for anything 

that changed. Though we might find humor in the portentous 

interpretations that were saddled upon their finds, we can only 

have admiration for the acuity of their observations and the 

faithfulness of their record-keeping. Some of the new “lamps” 

they reported finding in the sky turned out to be novae and 

supernovae. Yet it wasn’t until recent years that amateurs really 

began patrolling for novae on a systematic basis. 

“It is sort of a new field,” Peter Collins says. “It is not one 

of the traditional areas of amateur astronomy. Alcock didn’t 

find his first nova until 1967. Until then, I don’t think anyone 

would have really considered it feasible, except maybe with 

photography.” 

Collins says that a good fraction of the novae now found 

are found by photographic amateurs working in Japan, but he 

doesn’t think photographic searches are as likely to provide the 

kind of immediate response that comes with a visual observer. 

The time delays of developing the film, and comparing the 

photographs or slides with those previously taken of the area, 

work against timely discovery. Additional delays come if the 

photographer gives in to the temptation of waiting for an entire 

roll to be exposed before developing, or if the next night is 

cloudy, preventing visual investigation and verification. 

Kenneth Beckmann agrees: “The film is sometimes left in 

the camera for days before it is developed. In visual work it is 

immediate. With Nova Vulpecula [1987] I knew within a mat¬ 

ter of minutes that something wasn’t right about the area. And 

it was the same situation with the first two novae as well. Also, 

I think there is something special with visual observations be- 
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cause you are not depending upon other kinds of apparatus or 

machines to determine the reality of the object.” 

Collins entered the world of nova patrolling by way of comet 

hunting. And he was set upon that road by Brian Marsden, 

whom Collins met while working at the Harvard-Smithsonian 

Center for Astrophysics as a programmer in the early and 

middle 1970s. 

“I got caught up in the excitement of Comet Kohoutek,” 

Collins said. “I wasn’t at all disappointed in it. At some point 

Brian explained to me the story of people who go out and look 

for comets. At this point I hadn’t thought much about novae. 

So he got me going on comets. 

“He didn’t recruit me or anything, he just discussed the 

subject. He has a very good way with words. He convinced 

me that this was a worthwhile thing to do, without really trying 

to convince me of anything.” 

In 1977, a special spark was struck by a special person. 

Cecilia Payne-Gaposchkin, an elderly and long-distinguished 

astronomer who had written the landmark book The Galactic 

Novae (which both Collins and Beckmann still swear by), gave 

a lecture at the Smithsonian on “Fifty Years of Galactic Novae.” 

The life of Peter Collins hasn’t been the same since. 

“Anything she said was quite a speech,” Collins recalled. 

“She had more of a way with words than any scientist I’ve ever 

known. There’s no question about it, the English speak the 

language better than Americans. And she was of the old school 

and was extremely eloquent.” 

So eloquent that Collins decided it would be novae he would 

pursue when he made his move to the magnificent skies and 

clear weather of Arizona. 

So far the skies have been kind to him. He has one first 

discovery, Nova Vulpecula 1984, and two independent dis¬ 

coveries, Nova Cygni 1978, and Nova Vulpecula 1987. 

Kenneth Beckmann entered from the world of variable stars, 

and just as Collins speaks of Marsden and Payne-Gaposchkin, 

Beckmann speaks of AAVSO director Janet Mattei, who takes 

such care in welcoming new observers and helping them to get 

up to speed. 

Early into his work with variable stars, Beckmann became 

interested in the SS Cygni and U Geminorum cataclysmic var¬ 

iables. And from this he became intrigued by novae. 

Working from the frequently cloudy skies of the Northeast, 

he has made two independent discoveries—Nova Cygni 1978 

and Nova Aquila 1982—and one first discovery, Nova Vul¬ 

pecula 1987. 

He discovered Nova Vulpecula 1987 just two hours before 

Peter Collins did. In the view of both men, this was nice; it 

showed that both their programs were working. 

“It was good to know that Peter had made the discovery as 

well,” Beckmann said. “It is good to know that we are watching 

the sky and that these objects don’t get by.” 

As with the Chinese so many centuries before, we still have 

those who stand ready to ring the bell, should a new lamp be 

lit in the heavens. 

AN INVITATION 

Examining nova records for the decade ending in 1987, Beck¬ 

mann found that amateurs had made 19 of the 24 discoveries. 

This concurs with Collins’s statement in his Journal of the 

AAVSO paper that “the record of [professional] astronomers 

in detecting novae is abysmal.” 

So there is a huge need for dedicated amateurs. Those who 

become seriously involved in the work will be so appreciated 

that they will soon be known to all the other patrollers of the 

sky. The efforts of Dr. Bernhard Dawson, Warren Morrison, 

Dr. William Liller, Robert McNaught, and others are fre¬ 

quently mentioned by Beckmann and Collins, as are the exploits 

of the somewhat legendary Steve O’Meara, who once per¬ 

formed his nova patrol next to the warmth of a river of lava 

flowing down from a Hawaiian volcano. 

But there aren’t many names beyond these. Beckmann, who 
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One of the great benefits 
gained by nova patrollers 
is the wondrous realm in 

which they search—the 

Milky Way. Hugh Entrop 

used a composite approach 

to bring out the beauty of 

the Northwest's Mount 
Rainier beneath a galaxy of 

stars. 
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as the director of the AAVSO’s Nova Search Section has a 

good handle on this, figures there are maybe ten to twenty 

serious nova patrollers in the entire world. 

“There is a lot of room up there,” Beckmann says. “I certainly 

encourage each and every person who writes to me to take his 

or her interest seriously. We will do everything we can to 

encourage them and help them. Because the more people out 

there looking—and I’m going to repeat what Peter says—the 

better chance we have to give the sky a clean bill of health each 

night. And that is very important for astronomy.” 

When people ask Peter Collins about developing a nova 

program he begins by telling them why they might not want 

to: It isn’t an activity for the impatient. At this point only two 

or three novae are being discovered each year. But he soon 

slips into speaking of the magnificence of developing an inti¬ 

mate relationship with the Milky Way. Even when describing 

the long wait one might have before finding a nova, he sounds 

poetic: “You are going to have to wait a long time to find one, 

longer probably than a comet. You are trying to hitch your 

fortune to the timescale of stellar evolution.” 

But coming to the rescue is the nice fit that variable-star 

observing has with a nova patrol. The fit is so nice that Collins 

says, “I think the idea of going into a nova search program 

without a strong variable-star program is wrong.” One reason 

for this is purely technical. Much of a nova program involves 

working with stellar magnitudes. The other reason is more 

about beauty and about working with the nature of the stars: 

“Unless you love variable stars, I don’t think the novae mean 

enough to you,” Collins says. “The image that comes into my 

mind whenever I think of this is cMrs. G’—Cecilia Payne- 

Gaposchkin, who was a very remarkable woman. 

“She started as a butterfly collector and she always wrote 

that she took the same approach to her astronomy—the ap¬ 

proach of field naturalist. What this meant was that she had 

an encyclopedic understanding of all these stars. . . . She would 

chortle over these stars, these ten or twelve novae. She discussed 

them like old friends. 

“To have that kind of mind is helpful when you are doing 

this,” Collins says. “You have to care a lot about these things, 

otherwise you won’t appreciate it. It won’t mean as much to 

you if you haven’t been really involved in the stars. Because all 

a nova really is, is just kind of a dumb star. That is, until you 

find out that stars are not really dumb, that they really change. 

“It is really rather awesome in a way when you think that 

the visible stellar universe, which we regard as our standard of 

unchangingness, is really quite variable. And that, perhaps, is 

what it is all about. 

“Variable-star astronomy is a very complex subject. There 

are a great many different types of variables, and a great many 

stars that don’t fit easily into categories. You are dealing with 

stellar eccentrics, truly eccentric stars, and this tends to pervade 

your astronomy. You tend to see things in a very individual 

way.” 

THINGS TO DO 

If you would like to join the Nova Patrol, a good first step is to join 

the American Association of Variable Star Observers, which has a 

Nova Section. For information from the head of the Nova Section, 

write to the Reverend Kenneth Beckmann at the address in the 

Resources section. 





Observing Earth Satellites 
CHAPTER 

EIGHT 

Jim Hale lives in a non-high-tech environment. Deep in the 

hills of Arkansas, there is a hamlet of ten houses. From there 

you go twenty miles deeper into the hills to find his homestead. 

He has to hike to the nearest phone. The only electricity he 

has comes from some photovoltaic cells. And some of his har¬ 

vested solar energy is used to power one of the least impressive 

computers to have emerged from the personal computer rev¬ 

olution—a tape-drive Timex-Sinclair. 

Yet from another perspective, he represents a satellite track¬ 

ing station that couldn’t have been imagined three decades ago. 

And his now lowly Timex-Sinclair has more computational 

horsepower than the multiton, multimillion-dollar mainframes 

that were heatedly humming along on October 4, 1957, when 

cold-war America was reeling with anxiety and paranoia from 

the news that the Russians had just launched the earth’s first 

artificial satellite. 

The second blast to the country’s sense of well-being came 

just one month later, when the Russians performed an encore 

with the launching of Sputnik II. 

Very little was known about satellites or about the orbital 

mechanics of something subject to atmospheric drag. To in¬ 

crease this knowledge base, as well as simply to keep track of 

these foreign objects that were passing over the soil of our 

nervous country, the Smithsonian Astrophysical Observatory 

coordinated the Moonwatch program, which enlisted the help 

of amateur astronomers and other observers to watch the skies 

and record satellite activity. 

A huge database was assembled, and from it came a great 

amount of information from which better orbit-prediction 

models could be constructed. But perhaps the greatest result 

of Moonwatch was the number of fine young minds it attracted 

to astronomy and other sciences. 

One of those captivated by the lure of Moonwatch was Jim 

Hale. The Moonwatch program was dropped in 1975, and 

Hale abandoned satellites to go exploring the worlds of Messier 

and the NGC. But he later returned to satellites, and he did 

so with a passion. 

He began corresponding with others who enjoyed tracking 

the things that humans launch into the sky. And from this 

correspondence emerged an international group called Ama¬ 

teur Satellite Observers. Hale publishes a monthly newsletter 

for the group. The Data Letter reports on upcoming manned 

and unmanned launches, anticipated reentries, and events such 

as crew transfers on the Soviet Union’s Mir space station. Also 101 
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included are the orbital elements for the most popular objects 

to track. 

Hale is a good spokesman for the joys of observing satellites: 

“Fve observed galaxies. I’ve observed globular clusters. Fve 

been through all the Messier objects and the best of the NGC. 

Fve observed the Milky Way and everything down to the faint¬ 

est galaxy an observer can see in a ten-inch reflector. And you 

just keep longing for something else. It’s part of everybody 

that goes into any kind of science, I guess. You’re looking for 

something else. And then you take notice of these objects that 

are always floating through your field.” 

The more he took notice of these objects, the more beauty 

he found in them: 

“I observed a Centaur rocket the other night at probably 

three thousand kilometers—flashing like a lighthouse, every 

four seconds. You love to see variable stars going through a 

light curve really fast. You like to see the eclipse of the moon, 

or Io going across the face of Jupiter. We all like to observe 

the fleeting moments of the cosmos, and a satellite is another 

star-like object to me. It goes through the constellations and 

changes them for a moment.” 

An excellent handbook for satellite watching is Observing 

Earth Satellites by Desmond King-Hele of Great Britain. Early 

in his book King-Hele writes that satellite observers are “rather 

like naturalists observing the wild life of hedgerow and forest. 

They observe and study the wild life of the sky, learning to 

distinguish between different species of satellites and make ac¬ 

curate observations of their movements and oddities of behav¬ 

iour.” 

Paul Maley, an amateur astronomer from Houston, is an¬ 

other person who has studied satellites with the kind of passion 

with which others might observe birds or track Arctic wolves. 

“Fm sort of a satellite-observing fanatic,” he said. “When 

people stopped observing when the Moonwatch program died, 

I kept on, trying to perfect the art form.” 

Explaining why he didn’t give up on satellites when so many 

others did, Maley, who still has his Moonwatch telescope, said, 

“It was because I was always interested in space. To me there 

was something happening, like an event. 

“I have a real interest in unusual kinds of transient phenom¬ 

ena—things that happen very briefly and then are gone. A 

satellite might come over night after night, but it won’t appear 

in the same attitude and it will not necessarily look the same 

or be in exactly the same part of the sky pass after pass.” 

To share his experiences and enthusiasm with others, Maley 

created a do-it-yourself guide for schools to use in predicting 

when the space shutde would pass over a given city. “Sitting 

at home and watching it on the television is a very meaningless 

experience in my opinion,” Maley said. “But to actually go out 

and see something fly over and to know you are looking at 

human beings that are alive and well and doing things in space, 

that’s a different kind of experience.” 

And at the Steward Observatory at Kitt Peak in Arizona 

there is a computer-programming specialist named David A. 

Harvey who became entranced by orbital mechanics as a child 

and who has gone on to write the code that predicts satellite 

appearances and enables a 90-inch reflector to slew its way 

along the paths of satellites. 

“For me it’s been a lifelong dream to see what satellites look 

like,” Harvey said. “You can see pictures in magazines, but to 

actually see a satellite with your naked eye is like seeing Saturn 

in your telescope versus looking at pictures of Saturn. It gives 

you the same sense of awe.” 

With the advent of personal computers, it has become much 

easier to indulge in this fascinating area of astronomy. Not 

only is something like a Timex-Sinclair more powerful than 

what the military had in 1957, the more powerful personal 

computers, such as the Compaq 386 or the Apple Mac II, are 

more sophisticated than the mainframes being used today by 

the military to track satellites from Cheyenne Mountain. 

FUN WITH ORBITAL MECHANICS 

From 1580 to 1597 the Danish astronomer Tycho Brahe lived 



on a tiny island between Denmark and Sweden. He called his 

dwelling Uraniburg, for Urania, the Greek muse of astronomy. 

With the telescope still decades away from being invented, 

Tycho sighted along a seven-foot rod to determine his im¬ 

pressively accurate positions for a thousand stars. 

Even more important, though far more puzzling to Tycho, 

were the great series of positional observations he made for 

the planets. Because Tycho refused to believe in the kind of 

sun-centered universe that Nicholas Copernicus had proposed 

decades earlier, he had to tax his imagination to explain the 

planetary motions he was recording for an earth-centered uni¬ 

verse. 
Tycho had created the database to prove Copernicus right, 

but he wasn’t able to step back and take a fresh view of the 

data, wasn’t able to create a new paradigm, which isn’t sur¬ 

prising when one considers the magnitude of the paradigm 

shift required. It was one thing to speak of Mars flowing through 

the heavens, but it was another to say that our seemingly still 

and motionless planet was also racing through space. 

Fortunately for the progression of science, Tycho found 

himself out of favor with the new Danish king and in 1597 

he left his island and went to Poland, where he hired a young 

German astronomer, Johannes Kepler, as an assistant. 

Kepler was bold enough to support the Copernican view of 

the universe, and he saw Tycho’s great collection of planetary 

observations as the raw material from which a proof of the 

Copernican theory could be created. 

In a letter to a friend Kepler wrote: 

“Tycho possesses the best observations, and thus so to speak 

the material for the building of the new edifice; he also has 

collaborators and everything he could wish for. He only lacks 

the architect who would put all this to use according to his 

own design.” 

Kepler proved to be the architect, but he didn’t work to 

Tycho’s design, nor did his completed plan emerge until several 

years after Tycho’s death. 

Kepler made two bold steps that Tycho couldn’t. He ac¬ 

cepted the sun as the center of our “universe” or solar system. 

And he abandoned the notion that a circle represented the 

“perfect form” and that planets had to follow this perfect path. 

Freed of such baggage, Kepler found three constants: (1) 

Each planet moves in an ellipse with the sun at one focus; (2) 

the radius vector of each planet passes over equal areas in equal 

intervals of time; (3) the square of the period of revolution of 

a planet about the sun is proportional to the cube of the mean 

distance of the planet from the sun. 

All of this was done without the benefit of the telescope or 

Newton’s work in gravitation. Yet the Keplerian laws still hold 

true, whether we are talking about the earth orbiting the sun, 

or a communications satellite orbiting the earth. 

As a satellite travels its elliptical path, its farthest point from 

the earth is termed the apogee, and its nearest point the perigee. 

The more elongated the elliptical path, the greater is the ec¬ 

centricity of the orbit. The eccentricity, often abbreviated as c 

on orbital tables, is determined by subtracting the perigee dis¬ 

tance from the apogee and then dividing the remainder by 

twice the average radius. 

The average radius, also called the semimajor axis, is deter¬ 

mined by adding the apogee and perigee to the diameter of 

the earth (7,950 miles) and dividing the total by two. This 

measurement gives the average distance of the satellite from 

the center of the earth. The center of the earth is used because 

it is the focal point of the gravitational pull the earth exerts on 

the satellite. 

This average radius, or semimajor axis, is often abbreviated 

as a on orbital tables. It is a significant figure because it can 

easily be converted to the time a satellite will take to orbit the 

earth one time. This time is called the orbital period, and most 

of the satellites that amateurs observe have an orbital period 

that runs somewhere between 90 and 120 minutes. 

Inclination, often abbreviated as i on orbital tables, shows 

the number of degrees in latitude by which a satellite’s orbit 

varies from the earth’s equator. A satellite in an orbit perfectly 

paralleling the equator would have an inclination of 0 degrees, 
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while a satellite with an inclination of 33 degrees would climb 

to 33 degrees north on one half of its orbit, while descending 

to 33 degrees south on the other half 

Inclination, along with the height of the satellite as it passes 

through your longitude, determines whether you will be able 

to see it from your latitude. 

One thing that Kepler couldn’t foresee was that we would 

be launching our own satellites, and that these satellites would 

be subject to such previously unfathomable forces as atmo¬ 

spheric drag, solar pressure, and gravitational perturbations. 

It seems odd that something as gende as sunlight could push 

an object toward earth, but this can be an orbit-altering factor, 

especially with satellites that have a large surface area and rel¬ 

atively low mass. Gravitational perturbations from the moon 

or other bodies are mosdy a factor in satellites with exception¬ 

ally high or eccentric orbits. 

Solar pressure and gravitational perturbations are about the 

only forces working against a satellite that is higher than about 

6,500 miles. For instance, the geosynchronous satellites that 

orbit at a height of about 23,000 miles could likely remain in 

orbit for millions of years. 

But any object with a perigee less than about 1,500 miles 

will in time be slowed by the slight air drag found at the very 

upper reaches of our atmosphere. The lower the perigee, the 

denser the atmosphere and the sooner the satellite will be brought 

down to earth. With an elliptical orbit like that of most sat¬ 

ellites, the most atmospheric drag is encountered during the 

perigee phase of the orbit, and the slowing that occurs here 

decreases the distance of the apogee phase. 

Over a period of time the perigee remains much the same, 

while the apogee becomes less and less. As the elliptical orbit 

is pulled back into a more nearly circular orbit, the satellite is 

spending more and more time within the slowing forces of 

atmospheric drag. When the satellite’s velocity falls below that 

which is required to balance earth’s gravity, it is pulled closer 

to earth, and as it enters ever denser atmosphere its kinetic 

energy is transformed into thermal energy and the satellite 

either burns up or reenters as a spectacular and potentially 

disastrous fireball. 

A satellite with enough mass to survive an uncontrolled 

reentry could cut a nasty path if it landed in an urban area— 

but so far the oceans and outlands have been kind enough to 

embrace our returning relics from space. 

The majority of satellites are in orbits that expose them to 

at least some atmospheric drag. 

The region from about 50 miles to 300 miles up is generally 

classified as low earth orbit, and it is within this area that the 

largest and heaviest satellites, such as the Soviet Union’s Mir 

space station and the United States’ space shutde (when it is 

flying) can be found. 

A second band, beginning at about 600 miles out, contains 

many of the LANDSAT type of satellites. Included in this 

group are weather satellites, as well as reconnaissance and spe¬ 

cialized communications satellites. 

A third band, beginning at about 13,000 miles and extend¬ 

ing up nearly to geosynchronous orbit, holds more commu¬ 

nications satellites, including several used for ocean navigation. 

The fourth band is in the 21,000-mile to 23,000-mile geo¬ 

synchronous, or geostationary, zone. In this area satellites, with 

occasional adjustments from onboard gas jets, can remain sta¬ 

tionary over one point of the earth and can be used to relay 

communications such as telephone calls and television signals. 

Satellites in geosynchronous orbit can also be used to relay 

signals from satellites in lower and more difficult-to-track or¬ 

bits. 

The stationary positioning of geosynchronous satellites 

makes them enjoyable objects to search out. The brightness of 

the objects depends on their size, shape, and seasonal as well 

as hourly relation to the angle of the sun. Under favorable 

conditions some can be seen with binoculars, while others 

might require six or more inches of aperture. 

For objects in lower orbits the tracking becomes much more 



difficult. In addition to atmospheric drag, the orbital mechanics 

are altered by the gravitational influence of the earth’s equa¬ 

torial bulge. Another variable is introduced whenever a ground 

station decides to fire a gas jet to alter a satellite’s course. This 

is especially a factor in tracking spy satellites. But it is the 

difficulty of tracking these satellites that provides the sense of 

adventure. From this uncertainty comes the fun in calculating 

orbital mechanics. 

PUTTING YOUR COMPUTER TO WORK 

Unless you are an absolute mathematics freak you will want 

to let a computer help you in your tracking. There are now 

dozens of computer-tracking programs available for virtually 

any personal computer. Many of the programs have been do¬ 

nated to the pool of public-domain software and can be ob¬ 

tained without cost either by writing to their creators or by 

downloading them from an astronomy bulletin board. 

The atmosphere is exceedingly variable and has thus far proven 

to be impossible to model precisely. This means that you can’t 

simply input an atmospheric drag value based upon the semi¬ 

major axis. This in turn means that although you can obtain 

software that will crunch the numbers to track the object you 

are after, the software requires care and feeding in the form of 

updated orbital information. 
This update information comes from NASA’s Goddard Space 

Flight Center, by way of the North American Air Defense 

Command (NORAD), which is responsible for tracking some 

7,000 or so objects, only a few hundred of which are still 

operable satellites. Goddard’s weekly updates are immediately 

placed on a number of amateur astronomy computer bulletin 

boards around the country. And Jim Hale recommends that 

amateurs obtain the new orbital elements in this way rather 

than burden Goddard with individual requests. 

How often you will have to update your tracking program 

with fresh orbital elements depends upon the semimajor axes 

of the satellites you are interested in, but in many cases a 

monthly update is sufficient—unless the course of the satellite 

has been altered through the firing of positioning jets. 

Typically a satellite-tracking program will be able to track 

from a few dozen to a hundred or more satellites. For each 

satellite the program will provide the appearance time to within 

a few seconds, the elevation and azimuth of the object, right 

ascension and declination, and distance to the satellite, and will 

tell whether the satellite will be in the earth’s shadow on a 

given pass over your location. 

Some programs provide a world map display and show the 

satellite you select passing along the map. The better programs 

will differentiate between visible and invisible passes. Unless 

the satellite is in geosynchronous orbit, it won’t be visible unless 

it is in the sunshine while you are in the earth’s shadow. This 

is why the best satellite viewing is done within the first few 

hours after sunset, and in the final few hours before sunrise. 

Once you have your program running with the latest orbital 

elements, you have a portable tracking station, and you have 

the source of great joy. 

David Harvey, the computer-applications software specialist 

who has done such nice satellite work at the Steward Obser¬ 

vatory, has converted his mainframe computer programs for 

use on personal computers and sends them out free to anyone 

who sends him a blank diskette to copy onto. 

The amateur spirit is alive and well with Harvey, who speaks 

of the joy that comes from just going into his backyard with 

a pair of binoculars. 

UI can sit down at home with my IBM PC, plug in my 

orbital elements, compute when the satellite is going to pass 

over my location, and by what stars and what planets it is going 

to pass, aim my binoculars, and watch it come into the field 

and move across exactly the path I predicted. 

“To be able to understand nature at that level is something 

that is very satisfying to me,” Harvey said. “You are actually 

watching the laws of physics at work.” 
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And it is something that anyone with a personal computer, 

or a tremendous head for math, can do. And the programs are 

so abundant and dependable today. Not too long ago you had 

to create your own. 

Paul Maley began observing satellites as a thirteen-year-old 

member of the Moonwatch program. He recalls the first time 

he ever saw a satellite, Echo 1> in 1960. “There was a prediction 

published in the newspaper and we went out to see the satellite. 

It went partway across the sky and then it disappeared [into 

the shadow of the earth]. I couldn’t understand where in the 

hell it could go. That sort of got my interest. I really wanted 

to know where the thing went. 

“Had I seen some weird phenomenon? Had the satellite been 

destroyed? All kinds of strange things came to my mind.” 

This interest grew and grew, as did his ability to predict 

satellite paths. As a high school student he was able to get 

some time on an old IBM 1620 mainframe at St. Mary’s Uni¬ 

versity in San Antonio. When he went off to college in 1965, 

he took the computerized prediction program he was trying 

to create with him. And he got it to work. 

“The very night I got the program running it was kind of 

exciting because the printout that was generated showed there 

was a pass literally two minutes after the first run came off the 

machine. So I ran outside with the printout, and there was the 

satellite coming over, just like the computer said. That was very 

heartwarming.” 

FAVORITE SATELLITES 

NEW HORIZONS 
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Satellite observers develop favorites, and among the objects 

most interesting to Paul Maley are the Soviet spy satellites. 

“The Soviets are very mysterious,” Maley says. “They don’t 

issue a lot of information about their satellites. It’s like a de¬ 

tective story. If you had all the information about a satellite, 

it probably wouldn’t be as much fun to go out and look at it. 

“The Russians, even after thirty years in space, are still just 

about as secretive as they were in 1957. The curiosity factor 

is what stimulates me. It makes me want to know what they 

are doing. When people don’t tell you something you kind of 

have a natural inclination to wonder about it.” 

Maley also enjoys watching the Soviet’s Mir space station 

because of the richness of activity that surrounds it. Often with 

just unaided eyes, other times with binoculars, Mir is some¬ 

thing that Maley says he watches all the time. 

“Mir is the center of a continual manned program, so they 

are constantly bringing up new vehicles and docking them. 

They are docking the Progress robot supply ship, the Soyuz 

manned spacecraft, the astrophysics module, and stuff like that. 

It is an active laboratory that is undergoing continual visits to 

and from. It is a space station and the classical definition of a 

space station is a station in space that is being visited by people.” 

Mir's orbit provides excellent summer viewing in the north¬ 

ern latitudes, and by watching the Mir night after night you 

can develop a feel for what is going on. For instance, Maley 

believes that the trash bags the cosmonauts jettison can be 

identified. 

“They have a characteristic way in which they reflect light,” 

Maley says. “When you see that the objects may be very small, 

about seventh magnitude and very steady in brightness, there’s 

a good chance they might be the round, expandable trashbags 

that they toss overboard. You have to spend a lot of time 

looking at these things. The Russians usually don’t own up to 

what it is that they toss out. But that’s what they typically look 

like.” 
Jim Hale is another fan of Mir. 

“The most spectacular sight I ever saw was when they trans¬ 

ferred the crew of Mir to Salyut [a second space station] and 

from Salyut back to Mir," Hale said. “We saw the shuttle craft 

going between Salyut and Mir. I was out in the front yard 

watching them as they went over—the two bright ones with 

the dimmer one in the middle. First came Mir, then the Soyuz 

transfer module, and then the Salyut. 

“I’ve also seen them throw out eight or ten bags of trash. 106 



The Soviet Space Station 

Mir through Steward Ob¬ 

servatory's 90-inch tele¬ 

scope on July 22, 1987, 

from a distance of 223 

miles. The spacecraft is 

about the size of a Boeing 

737 jet, and the bright 

white areas are the sta¬ 

tion's solar panels. Photo 

courtesy of David A. 

Harvey, Steward Center for 

Orbital Mechanics 
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The Soviet Space Station MIR 
from Kitt Peak Arizona 

This diagram shows Mir's 

orientation and the details 

that can be seen in the 

photo. 

Date: July 22, 1987 11:45:26 U.T. 
Distance: 369 Kilometers 
Instrument: 90 Inch f/9 Ritchey Chretien Reflector 

KVANT 

1.5 arcsecond 

Spectrograph 

Slit 

NEW HORIZONS 

IN 

AMATEUR ASTRONOMY 

You will see a really bright space station go overhead, followed 

by eight little sparklers of fifth to sixth magnitude. You can 

watch them in your binoculars as they kind of flip around and 

flash for you like a little train following the bright space station 

across the sky.” 

Prior to the Challenger tragedy Hale, along with many other 

amateur satellite trackers, would watch the space shuttle mis¬ 

sions. Because most of the missions had an inclination of 28 

degrees, they weren’t visible in areas much beyond 40 degrees 

of latitude. 

However, Hale believes that when the shuttle resumes flying, 

the backload of military payloads will lead to some interesting 

observing as geosynchronous satellites are launched. 

“Some of them are going to be at ninety-degree inclination 

and everyone can see them, if you can get element information. 108 

But because of the military nature they won’t be releasing any 

elements. So it makes us have to be a litde craftier. We just get 

the launch time and start looking when we think we should 

be looking. 

“Some people have software in which they can enter the 

launch time and the launch angle and come up with predictions. 

I just use a map and walk my way through it to come up with 

a window. I’ve spotted military missions before.” 

Hale’s monthly newsletter for the Amateur Satellite Ob¬ 

servers includes orbital elements for favorites such as Mir and 

spy satellites; other objects of interest such as Russian SL-16 

rockets, which can reach first-magnitude brightness; as well as 

a selection of Japanese, Chinese, Indian, and other foreign 

satellites. 

SPACE JUNK 

Satellite observers are often junk observers, for we have done 

quite a job of filling the space around our planet with debris. 

Of the 7,000 or so items tracked by NORAD, only about 300 

are actually functioning satellites. The rest are nonfunctioning 

satellites, or the rocket casings which carried them up there, 

or just parts and pieces ranging from truck to baseball size. 

In addition, there are sometimes another 60,000 pieces down 

to the size of golfballs and nuts and bolts that will show up 

on NORAT) screens in a single day, but that are too small to 

track individually. And in addition to this there are apparently 

billions of dust-sized pieces of metal and flecks of paint as 

remnants from satellites, colliding or exploding—some of the 

explosions having been intentional as part of weapons tests in 

the militarization of space. 

The significance of even the smallest debris in space was 

demonstrated when one of the space shuttle crews awoke one 

morning to find the cockpit windshield had been visibly dam¬ 

aged by an impact. Later testing determined it had been hit 

by a fleck of paint—that had been traveling with the energy 

of a 60-mile-per-hour bowling ball. 



BUILDING YOUR OWN 
TRACKING STATION 

David Harvey has worked on software at the Steward Ob¬ 

servatory that enables a 61-inch Cassegrain reflector and a 90- 

inch Ritchey-Cheretlen to be slewed rapidly enough to pho¬ 

tograph satellites, using a joystick for precision corrections to 

keep the object centered. 

Projects have included studying the outgassing of the space 

shuttle as it interacts with the high atmosphere and photo¬ 

graphing objects as large as Mir and as small as space debris. 

In discussing the work that is done with his satellite pre¬ 

diction programs, Harvey makes an intriguing statement: “I 

should point out that an amateur could do essentially what we 

are doing with a moderate-sized telescope of ten inches or 

better. 

“As far as making a contribution to the science of satellite 

observation, or what a satellite observation can actually be used 

for, an amateur could do this by making very accurate obser¬ 

vations. With a moderate-sized telescope he could take pho¬ 

tographs to show details on these things. We have no idea what 

some satellites look like. These are satellites put up by Russia 

and other countries and we still don’t understand what their 

purpose is. This information is of interest to various institu¬ 

tions.” 

The key is to keep the telescope slewing precisely so that 

the object remains in the field. Two things are needed for this— 

good satellite-tracking software and DC servo-controlled drive 

motors. Software able to make the rapid calculations and re¬ 

calculations needed to follow the real-time position of a satellite 

across the sky is already available for free. The servo controls 

are available off the shelf. The cost of acquiring them will be 

considerably less if amateurs can live up to their well-earned 

reputation for hunting down surplus equipment and convert¬ 

ing it to their needs. 

Harvey said that the stepping motors used in standard drive 

units aren’t able to track fast enough to keep up with a satellite. 

He suggests a modified, more flexible type of mounting. 

“The problem of tracking satellites with astronomical tele¬ 

scopes is that an equatorial telescope has an axis that points 

toward the North Star. That is a zero point, essentially, and 

you cannot track through it. You would have to slew too fast 

as it goes through the pole. 

“A Dobsonian has the same problem,” Harvey said. “It would 

have to spin so fast to track as it transits the zenith. So what 

you want would be something that has a pole on the horizon, 

which will allow you fairly easily to track objects that are mov¬ 

ing anywhere in the visible sky.” 

The tracking speed would be supplied by a DC servo system, 

or by a DC motor that responds to increased voltage by pre¬ 

cisely outputting increased speed. The position of each axis of 

movement would be reported to the computer by way of an 

encoder, which could be a finely divided wheel with a light 

source on one side and a photoreceptor on the other. Each 

time the light beam was broken would represent a unit of travel 

that would be counted by the computer. 

Buying the servos and encoders brand-new and off the shelf 

might cost several thousand dollars. But again, few amateurs 

are in the habit of paying retail. And the well-being of industrial 

surplus dealers and electronic junkyards is dependent upon the 

creativity of amateurs everywhere. 

“If they are mechanically minded and they have access to a 

machine shop or to the parts to make the mount, that would 

certainly cut down the cost,” Harvey said. 

If it sounds as if David Harvey has put a lot of thought into 

this, he has. Although he has access to the 61-inch and 90- 

inch telescopes at Steward, what he really wants is something 

for his backyard. With such nice toys at work, why would he 

want a smaller system at home? 

“These satellites pass over us at inopportune times, for the 

most part when someone else has the telescope,” Harvey said. 

“We can’t take time away from someone else to make these 
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observations. We have to prearrange our time. So it is difficult 

to know exactly when an object is going to be visible far enough 

in advance to schedule time for our experiments. 

“To get around that problem I would like to have one of 

my own so I wouldn’t be encumbered by the fact that someone 

else might be using the telescope.” 

There is another nice reason for this: “It takes an hour and 

a half to drive up to the telescope. I would like to be able to 

just open the dome in my backyard and make the observation 

in a few moments. Now it is a good three-hour process to 

drive up there and get everything set up.” 

Although Steward has more aperture to offer, amateurs need 

make no apologies about computing power. The 90-inch tele¬ 

scope is guided by a custom Z80-based computer, which could 

be described as a souped-up Radio Shack TRS-80. But even 

a clunky 64K TRS-80 is more powerful than the room-filling 

mainframes of a few decades ago. 

For the real-time computations that Harvey wants in his 

home system, he will use a personal computer with 256K mem¬ 

ory, which is already considered a modest amount of power 

now that most personal computers are offering memory by the 

megabyte. 

Harvey, who has seen the revolution in computing power 

from the inside, spoke of his wonderment at advances that 

most of us take for granted. 

“The IBM AT that I have in my office certainly is capable 

of computations that before 1980 were almost impossible to 

do on a microcomputer,” he said. “And the new 80386 ma¬ 

chines are approaching what a modern minicomputer can do— 

and at the speed of what a current mainframe can do. So it’s 

almost mind-boggling to me to watch the technology change 

so rapidly and become so available, even to the person who 

isn’t very computer oriented. 

“I think the possibilities of people being able to do very 

scientific research with their computers at home are grand. It’s 

no big deal to become a part of the scientific community and 

make the same kinds of observations that an astronomer does 

now and be able to do the data reduction that we do on 

mainframes here.” 

Harvey says that video cameras could also play a role in your 

home tracking station. A video camera could be plugged into 

your telescope, just as is done with the large scopes he works 

with, and a joystick could be used to do fine tuning of the 

telescope’s tracking to keep the image centered. In addition to 

imaging, the video could be used for precision orbital verifi¬ 

cation. A universal time adapter can be added to the frame of 

the video camera, providing precise timings for any point along 

the satellite’s path in relation to the background stars. 

This could yield orbital information useful to the study of 

atmospheric dynamics and to the study of the shape of the 

earth. Contributions can be made to these areas of science even 

without fancy tracking equipment. A lone amateur, working 

with binoculars or a small rich-field telescope and a stopwatch 

or universal-time source, can take accurate positional infor¬ 

mation along three widely separated points of a satellite’s path. 

Depending upon the orbital period of the satellite, you might 

have between five and twenty minutes to make your positional 

fixes as the object crosses the sky. This means you will want 

to have already plotted the predicted path along a star chart 

and to have decided which stars you will use as markers. 

Measurements made of satellites passing through the lower 

atmosphere can be helpful in the effort to better understand 

variations in the atmosphere and the effects of atmospheric 

drag on orbiting objects. Atmospheric conditions are affected 

by solar activity and so many other variables that it will prob¬ 

ably be a long time before these conditions can be modeled 

well. On the long road toward this understanding, amateur 

observations of how a variety of satellites react in different 

orbits could provide raw data of great importance. 

Geodesy, or the study of the earth’s variations in shape and 

gravitational pull, is another area where amateur satellite ob¬ 

servation data could be helpful. It was Sir Isaac Newton who 

theorized that the centrifugal force of the spinning earth would 

tend to flatten the planet at its poles and bulge it outward along 



the equator. Later measurements proved the brilliant Newton 

to be right. 

Today scientists are still trying to develop a complete picture 

of the equatorial distortions of our planet and of the ways in 

which this affects the gravitational forces exerted on satellites. 

Amateurs can contribute to the database by precisely measuring 

the path and time of individual satellites over a long period. 

One thing that is lacking, at least in the United States, is an 

amateur organization to coordinate research efforts and to col¬ 

lect and store the results. Amateurs who want to make con¬ 

tributions to satellite observing need something like the American 

Association of Variable Star Observers or the International 

Occultation Timing Association. 

Jim Hale of the Amateur Satellite Observers is taking steps 

in this direction. In a recent edition of the ASO’s Data Letter 

he proposed a research project to help Great Britain’s Royal 

Aircraft Establishment determine the size of a specific type of 

Soviet Cosmos spy satellite. The size of the booster that carries 

the satellite into orbit is well known, so Hale is asking members 

to make magnitude comparisons between the booster and the 

satellite. Hale hopes that analyzing information from several 

observers in different geographical areas will enable a calcu¬ 

lation of the satellite’s size. 

The field remains open and opportune for anyone who has 

a passion for satellites and the ability and perseverance to create 

an organization to coordinate research efforts. Who knows? If 

you provide the critical mass and stability and guidance to form 

a group that takes on a life of its own, you might end up like 

IOTA’s David Dunham, with an asteroid being named for you. 

AN INVITATION 

Paul Maley photographed seven geosynchronous satellites in 

a single frame. The photograph was so stunning that it was 

published in Aviation Week and Space Technology, and it was 

placed on permanent display at the London Space Museum. 

Maley used just a simple camera and lens, but people were 

astounded by what he had done. He had captured more than 

a photographic image; he had captured the imagination of the 

viewers by saying: Look at these satellites, we created them 

and they have great beauty. He opened eyes to something that 

had always been there but had never been fully seen. 

Much of satellite observing could be described in a similar 

manner. There is a wonderful world just above our heads wait¬ 

ing to be discovered. And the tools of discovery are easy to 

get. With just your naked eyes and a stopwatch you can begin. 

Paul Maley delights in talking about the pair of 7 x 35 Tasco 

binoculars that he continues to use even after running over 

them with his car. Bring some aperture to the game and there 

is even more to see. David Harvey says with an eight-inch 

telescope you can see a golfball in shuttle orbit. 

The computer revolution has provided the amateur with so 

much horsepower that it staggers the mind. Even a second- 

rate personal computer today is more powerful than some of 

the multimillion-dollar mainframes still in use in small munic¬ 

ipalities and the sleepier research centers. Remember, a Z80 

slews the 90-inch at Steward. A Compaq personal computer 

with an Intel 80386 chip or an Apple Mac II with a Motorola 

68020 chip has virtually as much power as the VAX mainframes 

that to this day remain the basic workhorses throughout aca¬ 

demia and the business world. 

The long and short of it is, you might already have sub¬ 

stantially more computing power than any number of profes¬ 

sional observatories. 

David Harvey spoke eloquently of the “grand possibility” 

of amateurs making major contributions to science through 

the observation of satellites. But even short of diving in as a 

researcher, there is great beauty in tracking these objects as 

they flow by. 

Whether you are watching a Centaur rocket flashing like a 

lighthouse, or the magnificence of humans in passage from one 

space station to another, satellites provide, in the words of Jim 

Hale, an opportunity to “observe the fleeting moments of the 

cosmos.” 
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THINGS TO DO 

The best introductory book on this subject is Observing Earth Sat¬ 

ellites by Desmond King-Hele. Another great source of information 

is an enjoyable and informative monthly newsletter called The Data 
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Letter, published by Jim Hale. For more information about the 

newsletter, and about the Amateur Satellite Observers, you can 

write to Jim Hale, whose address is in the Resources section of this 

book. 



Computers and Astronomy 
CHAPTER 

NINE 

As the skies grew dark on the first night of the Riverside Tele¬ 

scope Makers Conference, one of the big hits on the upper 

telescope field was a quiet and earnest amateur named David 

Gedalia, who sat on the edge of his truck typing commands 

into his Atari 800 computer, which was wired into his nearby 

10-inch f/4.5 Dobsonian. 

As Gedalia typed “M57” and hit the return key, there was 

an electronic beep, followed by the soft whirring of the stepper 

motors moving the telescope in altitude and azimuth. When 

the motors stopped, the Ring Nebula was nicely centered in 

the field of view. 

After we took in the beauty of the Ring, Gedalia typed 

“M97” and again there was the soft warning beep and the 

whirring of stepper motors, and then there it was, the Owl 

Nebula, with its faint but huge eyes—all sad with the celestial 

knowledge that even its red-giant phase was coming to an end, 

now that it had lost its ability to hold itself together. 

And then we were off to Ursa Major to see M81 and M82, 

and some of us talked about what it means to be on a moun- 

taintop on a planet in one galaxy, looking out across seven 

million light-years of void to see two galaxies, each of them 

baskets of unfathomable worlds. 

Meanwhile, less than one hundred yards away, Mike Sim¬ 

mons of Advanced Technology Instruments was introducing 

the CAT (Computer-Aided Telescope) accessory he had de¬ 

signed. It cost a lot more than the few hundred dollars Gedalia 

had invested in his do-it-yourself system, and without stepper 

motors it wasn’t as automated. But the CAT was certainly 

impressive. 

As if landing a spaceship on a great space station, you just 

select your destination and adjust your telescope until the red 

lights along the four arms of the centering-cross merge in the 

center. 

The CAT’s memory holds more than 8,000 astronomical 

objects—three complete catalogs! It has the Messier Catalog 

of Deep-Sky Objects, the STAR Catalog of Notable Stars, and 

the Computerized New General Catalog of Deep-Sky Objects. 

This is quite impressive. It means that an amateur astronomer 

can go flowing through the heavens, soaring from spiral galaxy 

to nebula, to open cluster, to double star, to globular cluster, 

to irregular galaxy, and on and onward. 

It even has an automatic pilot option, so if you don’t feel 

like choosing one of the thousands of objects to go to first, 

you can select a type of object, for instance globular clusters, 113 
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David Gedalia's computer¬ 

ized system enables him to 

observe 200 or more ob¬ 

jects a night. Photo by 

David Gedalia 
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and it will take you on a tour of one globular after another. 

An additional option is just to scan the skies. Each time a 

cataloged object comes into view, the CAT will beep, and with 

the press of a button it will tell you what you are looking at. 

When Sky & Telescope ran a test report on the CAT, the 

reviewer wrote, “This amazing device is one of the most useful 

(and expensive) observing accessories ever offered to amateur 

astronomers. It turns an ordinary telescope into a computerized 

wizard that, just a decade ago, would have made jaws drop at 

a professional observatory.” 

Elsewhere at Riverside that night, sitting on the tailgate of 

a pickup truck, were two members of the Los Angeles area 

Orange County Astronomers, who were trying to get their 

homemade CCD camera to work. 

On the tailgate was an IBM PC XT clone and a second 

monitor to display the images obtained from the charge-coupled 

device sitting on the back of a Meade 10-inch Schmidt- 

Cassegrain. But the screen was blank and Tom Quinn and Bert 

Patterson, who had built the camera, were perplexed. 

Quinn opened their custom black box of electronics and 

Patterson pulled out an oscilloscope to test the circuits. 

“That looks like low line voltage,” Patterson said. 

“You’re right,” said Quinn, eyeing the long extension cords 

making their way down to the meeting hall. 

Patterson switched from the oscilloscope to a voltmeter. “It’s 

a hundred and eight volts,” he said. 

“I’ll go up and check for a circuit with better voltage,” said 

Quinn as he walked down toward the lecture hall. “I don’t like 

defeat.” 

He didn’t meet defeat that night. He and Patterson pulled 

out a soldering iron to circumvent the problem, leading an 

onlooker to remark, “That’s a field mod and a half!” 

But another onlooker had a dimmer view of the situation. 

He was an old-timer in astronomy, wearing a red plaid shirt 

and an ear-flapped hat. He looked at the computer and mon¬ 

itors and at all the wires and said, “Computer-controlled as¬ 

tronomy! You want a video view of the heavens?” 

Automating astronomy 

doesn't have to be expen¬ 

sive. Gedalia runs his sys¬ 

tem with a $150 computer 

that is powered by 64K of 

random access memory. 

Photo by David Gedalia 
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From our mountaintop 

perch at Riverside we 

looked out across seven 

million light-years of space 

and within the single field 

of David Gedalia's one- 

inch telescope we saw gal¬ 

axies M81 and M82 in 

Ursa Major. Photo by Her¬ 

man Dittmer 
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It is an interesting question. The professional astronomers 

have already given their answer: Yes. 

For amateurs it seems a more emotional area. Visual obser¬ 

vations will likely remain the foundation of amateur astronomy 

for years and perhaps even decades to come. But people like 

David Gedalia with his computer-controlled Dobsonian, and 

Mike Simmons with his seeing-eye dog of a CAT, and the 

CCD hackers like Quinn and Patterson certainly seem to rep¬ 

resent a new wave of technology that isn’t likely to be turned 

back. 

And the immensity of what these new developments can 

offer is in many ways stunning. As if the CAT weren’t enough 

with more than 8,000 objects, David Wright of Fremont, Cal¬ 

ifornia, was demonstrating the Picoscience Superstar program 

he had written that provided coordinates and star maps for 

259,000 stars and 21,500 variable stars—in addition to the 

NGC and Messier catalogs and more comets and asteroids than 

you could shake a refractor at. 

Wright’s program could also do precessions into the past to 

enable the historically minded to look at a computer simulation 

of the sky over Bethlehem on the night of the first Christmas, 

or to see how close Galileo might have come to setting his eyes 

on Neptune while he was doing his wonderful work with the 

moons of Jupiter. 

These are astonishing resources that have come our way. 

The computer revolution has given us all the opportunity of 

having virtual mainframes. And there are hundreds of com¬ 

mercial and thousands of free programs that can allow even 

the humblest of computers to go navigating through the cos¬ 

mos. 

THE AESTHETICS OF AUTOMATION 

After the favorable Sky & Telescope review of the CAT, a long¬ 

time amateur from Georgia wrote an essay for the magazine 

in which he observed, “As an efficient, calculating hunter, the 

CAT would replace the paraphernalia I had heaped on a spindly 

legged TV-dinner tray wedged under my telescope tripod. But 

as I considered my star charts, books, pencils, notepads, flash¬ 

lights and binoculars, I suddenly realized that I was having 

fun. I would no more trade my charts and star-hopping and 

muttering for a CAT than I would sell the telescope. I’m noth¬ 

ing but an old Die-hard Optical Groper—a DOG.” 

The essayist, Tom Carter, also wrote, ccWhen I observe, I 

simply don’t want to be led around by a machine. For me the 

cruise is as much fun as the port of call.” 

David Gedalia’s response falls along aesthetic lines too. He 

has a special liking for globular clusters, and with his com¬ 

puterized telescope he can spend more time looking at the 

clusters and less time looking for them. 

“A few people are still opposed to computers,” he said. “They 

say you should find it yourself, that searching is part of the 

game, and that computers take the fun out of it. I don’t know. 

I think the computer helps you because you spend less time 

finding the object and more time observing it.” 

Because he lives in the Los Angeles area, he has to drive 

about one hundred miles for dark sky, something he does at 

least once a month and often twice or more. With his com¬ 

puterized system he can observe two hundred or more objects 

a night. 

An observing evening begins with his using a bubble level 

to do initial adjustments to his mounting. For final leveling, 

he has a program providing the coordinates of bright stars in 

the north, south, east, and west. This cross-checking enables 

him to sight his scope into level quickly. The next step is to 

tell the computer which star it is currendy looking at. Once 

registered on one object, it is ready to go anywhere else in the 

sky. 

Any time lost in this initial setup is immediately regained 

when he starts flowing between any of the thousand objects 

he has entered onto his file disk so far. 

Since he uses a Dobsonian mount, his program translates 

the equatorial coordinate system to altitude and azimuth mea¬ 

surements. Then the program computes the number of steps 
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David Gedalia with his so¬ 

phisticated amateur's road 

show. Photo by David 

Gedalia 
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required for each motor to arrive at the correct position. The 

program is written in BASIC, though the motor commands 

are in assembly language for a more rapid response. 

What makes Gedalia’s effort significant is that he has made 

the connection between computer screen and telescope move¬ 

ment. Gedalia has been among the amateurs pioneering the 

interfacing of computerized star maps with stepper motors. 

After a story about his work appeared in Astronomy magazine 

he received many queries from other amateurs, and it seems 

possible that someday computer drives might be as common 

as clock drives. 

As amateur astronomers move into the field of computers, 

they will likely show the same genius for maximizing and in¬ 

novating and for finding magic in junkyard scraps that has been 

their charm in the more mechanical realms. Gedalia has done 

all of this on a computer with a minuscule memory of only 

64K and a single disk drive. 

“My Atari is like a game machine,” he said. “By today’s 

standards it is like a toy. I’ve pushed it to the limit. I’ve used 

all the memory available on it and I use it as fast as it can 

possibly execute commands. This particular computer isn’t made 

anymore, but a new version of the same model would cost 

about a hundred and fifty dollars.” 

The fact that you can get so much for so little might help 

win the hearts of some of those still skeptical about allowing 

computers to join them beneath the stars. 

“I think computers are going to get more and more into 

astronomy,” Gedalia said. “I think people who reject computers 

just don’t know what computers are and what they can do. A 

computer can let an amateur do useful observations that several 

years ago only a professional could do. For instance, an amateur 

looking for supernovae could slew from galaxy to galaxy and 

wouldn’t have to spend time looking for them—allowing him 

to do much more work in a night.” 

Gedalia, who started designing his system while a senior in 

high school, is now studying electronic engineering. He is 

happy with his computer system, but it is giving him a serious 

case of aperture fever. With so many objects just a few key¬ 

strokes away, he would like to have a bigger scope and is 

thinking in terms of “maybe a seventeen point five or bigger.” 

BUCKETS OF ELECTRONS 

“It is for the amateur interested in working in the electronic 

environment” is how Tom Quinn describes his passion for 

charge-coupled devices (CCDs). “Bert and I got bored viewing 

through the eyepiece and started playing with cameras on the 

back of the scope and found you don’t get very much. With 

the CCD technology we could get long-time integration. It’s 

basically what the big observatories are doing.” 

CCDs are similar to the photometers used by variable-star 

observers, in that they can actually count the number of pho¬ 

tons constituting the light flowing through your optics. 

The most significant difference between a photometer and 

a CCD is that with a photometer you are measuring photons 

from a point of light, and with a CCD you are basically em¬ 

ploying a video camera to capture a light-intensity image of 

whatever is in your entire field of view. So where one gives a 

light value, the other can give the actual image. 

At least so far, the CCD image doesn’t have the attractive 

resolution of a photographic plate. But a CCD has a flexibility 

and a light-measuring capacity that make photographs seem 

limited. 

A CCD is a silicon device that has little buckets on the chip 

called pixel wells. When light strikes the pixel on the CCD it 

generates electrons, which are stored in the wells, or buckets. 

The precision of CCDs comes from the fact that they are linear 

in their measurement. For every photon that arrives, an electron 

is placed into the bucket. 

It is like using beads to keep count of something. The CCD 

is exposed to the celestial object for a given period of time— 

ranging from seconds to hours—and at the end of this time, 

called an integration period, an electronic tally is made of how 

many electron beads were found in each pixel bucket. 
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Tom Quinn and Bert Pat¬ 

terson with their CCD 

setup. "It is for the ama¬ 

teur interested in working 

in the electronic environ¬ 

ment/' says Quinn. Photo 
by Tom Quinn 

NEW HORIZONS 

IN 

AMATEUR ASTRONOMY 

120 



It is like a paint-by-numbers canvas. You just fill in the value 

for each pixel bucket. The more electrons in a bucket, the 

brighter the image will be for the area of the picture that the 

bucket covers. 

A frame grabber is a neat little memory board that can be 

installed inside a personal computer. With a frame grabber you 

can decide on the image you like, do your time integration, 

and then transfer the image into the frame grabber, which 

stores the electron count for each of the pixel buckets. 

In turn, you can empty the frame grabber onto a floppy disk 

and go on to the next image, while forever having the ability 

to recall from disk your previous images. 

Once you have the image on disk there is a lot you can do. 

One area of opportunity is in false coloring. The images stored 

are in 256 shades between white on one end and black on the 

other. Black-and-white CCDs have better low-light capabilities 

than do the same chips when masked with color filters for the 

home video camera market. 

Once the black-and-white image values are inside the com¬ 

puter, you can manipulate the color in any way you like. If 0 

equals black and 255 represents blasting white, you can divide 

the electron-count values by four or five and assign a different 

color to each. This can provide interesting visual guides to 

what is happening in large objects such as nebulae. 

Quinn and Patterson have used false coloring to pop out 

the center star in the Ring Nebula. They also used it to detect 

the tail on Halley’s Comet long before it became visual, and 

they believe they have an image of a gas jet being emitted from 

Halley’s nucleus. 

In the area of variable stars, Quinn and Patterson say a CCD 

is more convenient than a photometer because it is capable of 

obtaining light values for the background sky, all the field 

comparison stars, and the variable—all in one frame. If the 

values were stored on disk night after night, the information 

could be used to create a computer-generated light curve. 

I thought of nova hunter Peter Collins and his fear that “this 

all might be taken away from me” when Quinn spoke of how 

CCD cameras linked to computer-driven telescopes could search 

through the night while the astronomer was home sleeping in 

bed. 

I hope CCDs come bashing onto the amateur scene and I 

hope they open new realms of fun and discovery and of con¬ 

tributions to science. But I hope no one quite gets around to 

automating nova patrols until people like Peter Collins have 

found other ways of enjoying the Milky Way. 

One of the more fascinating technical aspects of CCDs is 

their need for cooling, for the pixel wells must be protected 

from a sinister-sounding force called dark current. Dark current 

describes the random creation of electrons in a warm environ¬ 

ment. To the CCD, the thermally generated electrons would 

be indistinguishable from the photon-generated electrons, which 

would remove all precision from the light-intensity measure¬ 

ments. 

Quinn and Patterson worked with Lee LaFever, a thermal 

A CCD-produced image of 

Saturn. Photo by Tom 

Quinn 
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dynamicist and mechanical engineer, in order to isolate the 

CCD chip in an environment cold enough to remove the threat 

of dark current, and that required going way down to -40 

degrees centigrade. 

Their CCD is housed within a vacuum chamber to prevent 

thermal conduction to the chip. Additionally, the chip is 

mounted, with a highly conductive epoxy, to a solid-state 

thermal-electric cooler that was a spinoff from the space pro¬ 

gram. The more current applied to the cooler, the more heat 

it draws away. 

The vacuum chamber has an optical-quality window to allow 

the light to travel to the CCD, and it is this package that is 

placed over the eyepiece of the telescope. 

BUT CAN AMATEURS AFFORD THIS? 

Quinn describes his first CCD camera as Frankenstein. This is 

because it was built from the discarded members of dead video 

cameras he was able to find in the trash baskets at the electronics 

firm he worked for. 

Since CCD technology began appearing in professional ob¬ 

servatories several years ago, amateurs have been waiting for 

the prices of the chips to come down. The prices have now 

come down. And they are expected to continue to do so. The 

biggest push in the direction of downward prices is coming 

from the demand for home video cameras. Whereas these cam¬ 

eras used to be built with tubes, there is a strong market shift: 

to solid-state machines. 

Just as mass-market demands have turned memory and 

central-processing-unit chips into commodity items, these same 

market pressures are making CCD chips less and less expensive. 

For astronomy you want a black-and-white video camera, 

rather than a color one, but the only difference between the 

CCD chips driving both of them is the attachment of color 

filters. Unfortunately, the filters are masked directly to the chips, 

Quinn said, and can’t be removed, so you probably can’t modify 

a color video camera. But because it uses the same chips, it 

should be cheaper every year to buy the unfiltered CCDs. For 

those who want color images, external filters can be used, or 

through false coloring you can assign colors to the data once 

they are inside the computer. 

What has this meant so far? 

“You can buy the bare CCD for about four hundred dollars 

[in 1988], and by adding another five hundred or a thousand 

dollars in electronics around that you could produce your own 

camera with a slow-scan output to a personal computer,” Quinn 

said. “By taking that in conjunction with an analog-to-digital 

converter, you could run it directly to the computer’s memory 

and do limited imaging on the monitor. By incorporating a 

frame grabber you could do real image processing for a low 

price—if you could cool the CCD. 

“If you were to cool the CCD chip in a dry-ice-and-alcohol 

slush, you could cool the CCD down to about minus sixty and 

do integration times of an hour, which on an amateur telescope 

would let you do anything you could with film—in about one- 

fourth the time.” 

Now if the $400 CCD still sounds expensive, consider that 

several years ago the same CCD would have cost $10,000. 

Also realize that all market trends suggest the price will soon 

be down to below $100. And also realize that there is already 

one CCD, without quite as much surface area, that can be had 

for $35. 

So with a $35 chip and a beer chest filled with dry ice and 

alcohol, the electronics-minded amateur can begin to play around 

with the same kind of toys they have at Palomar, the 200-inch 

notwithstanding. 

Quinn and Patterson have done such innovative work that 

they have been invited to demonstrate their cameras at profes¬ 

sional observatories. 

“Now we are spending so much time building these cameras 

we don’t have time to play with them,” Quinn complained. 

“But because we are building cameras we have been invited to 

various observatories to try them out—Palomar Mountain, for 

instance, and Kitt Peak. The Kitt Peak experience was one of 



the best in our lives. And we might be going to Keck to show 

them our camera. Lowell Observatory is using one of our 

cameras now for monitoring sky-seeing conditions. Kitt Peak 

is thinking about using it for an all-sky camera with an output 

to all the domes so they can see if clouds are coming in.” 

Their next project will be a slow-scan camera that will gather 

scientific-grade images while remaining inexpensive. 

The intelligence and innovation they have brought to their 

work—and the amateur’s passion for simplicity in cost and 

design—have been appreciated by others. Quinn puts it this 

way: “A couple of amateurs might be selling to the profes¬ 

sionals.” 

NAVIGATING THROUGH 
CELESTIAL KNOWLEDGE 

Sky & Telescope has been running its “Astronomical Comput¬ 

ing” column since April 1984. And Astronomy magazine reg¬ 

ularly reviews new computer software and provides other guides. 

The “Astronomical Computing” column is fun because it 

carries the complete code for the program that is being featured. 

These are nearly always written in BASIC, and if you like what 

you read you can just type it into your computer and start 

running it yourself. 

The programs featured in the column are usually written by 

amateurs who have found a way to make a computer do some¬ 

thing that they thought would have value or would just be fun. 

There is great creativity and a sense of adventure in what they 

have done. 

One program showed how to use a computer’s random- 

number-generating ability, along with a density equation, to 

create your own globular clusters. Further, the program ena¬ 

bled you to go navigating deep into the cluster on your screen 

to see what the sky would look like if you lived on a planet on 

an outer arm, or within the core, or from any other vantage. 

Another program, presented free for the taking, simulates a 

meteoroid colliding with air molecules as it enters the upper 

atmosphere. You decide the material, mass, speed, and angle 

of entry for the meteoroid, and the program presents a step- 

by-step analysis of what is happening during the interaction. 

The object is followed until it either disintegrates or manages 

to survive its flight to become a meteorite. 

Another program allows you to test your reaction time in 

preparation for going on a lunar-occultation timing expedition. 

The program uses a random-number function to place a dot 

on the screen unexpectedly and then turn it off unexpectedly. 

Your response times in pressing a key are calibrated, averaged, 

and then presented. 

And there is a constant flow of programs creating planetar- 

iums, star charts, constellation and deep-sky primers, and a 

great wealth of other knowledge. One Macintosh program will 

help you learn the sky by asking you questions and responding 

with a raspberry if you are wrong, but with music if you are 

right. 

I have a friend who is a physics professor. He brought his 

Apple Macintosh over one day just to show me how exciting 

that machine’s HyperCard program, in which information can 

be strung together in different ways, is. He enters material 

from astronomy books and other programs and then provides 

various stepping stones so that he can go flowing through the 

knowledge base in many ways. 

With HyperCard, you can begin with the constellation Orion 

and flow onto a path about mythology, or onto a course about 

the birth of stars. You can read about gravitation and hydrogen 

and then with a click of the mouse swing over to the dying 

stages of a red giant. At any point along the way you can pull 

out the vitals of our own sun to see how it compares in size, 

distance, and luminosity to another star, such as Rigel. 

The value of computers is obvious, yet I am less anxious 

than some to put a CCD camera where I would normally be 

placing my head. A friend of mine, Alan Macfarlane, is a mul¬ 

tiple past president of the Seattle Astronomical Society and one 

of the pioneers in creating video images of the moon and 

planets. He always wants to watch things through his video 
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monitor, while I still prefer the view through his Brandon 

eyepieces. 

But I know that when he captures something on tape, he 

has created an image that he can share with others. He carries 

these images throughout the public schools and as he shows 

children views of the moon there is magic in the air. As if he 

were letting them view the mountains and craters and wedding- 

cake-frosting plains from a Hovercraft, he introduces children 

to what is in the night sky. 

Anything that makes magic so transportable and sharable 

will likely provide additional benefits that are still beyond our 

sight. 

THINGS TO DO 

Perhaps the best way to keep current with what is happening with 

computers and astronomy is to read the “Astronomical Computing” 

column in Sky & Telescope magazine. This is also a good column 

to explore in back issues of the magazine. Astronomy magazine is 

also a fine source of information. 
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On the Boards 
CHAPTER 

TEN 

While others sleep, I dive into an electronic realm, navigating 

with my keyboard, watching what unfolds through the window 

of my computer monitor. My destinations are places with names 

like Celestial RCP/M, Star Base, Star Board, Star-Net, and 

Epoch 2000.0. All that is required for this trip is the simplest 

of computers, a modem, telephone, and a current list of bulletin- 

board telephone numbers. Most boards have now standardized 

on a setup of eight databits, no parity, and one stop bit. Most 

prefer a 1200- or 2400-baud modem for swifter interaction, 

but many still accept 300-baud transfer rates. 

What you get is access to a huge and dynamic pool of knowl¬ 

edge. Your computer and modem provide a gateway to hundreds 

of bulletin boards throughout this country and, if you can 

afford the phone bills, throughout the world. 

A bulletin board, or BBS, runs on programs that enable a 

caller to enter the computer anytime day or night and go prowl¬ 

ing through the computer’s files. In general terms the file types 

can be divided into three areas: articles, programs, and mes¬ 

sages. 

Articles are fixed pieces that can be read from the screen or 

printed out by your computer. The BBS might offer you a 

long list of articles to read, ranging from a history of astronomy 

to a summary of radio astronomy. 

Programs are a big attraction for many callers. A good bul¬ 

letin board will have an on-line library of dozens of computer 

programs. You can download any of these to your own com¬ 

puter and obtain—for free—the ability to make your computer 

do satellite predictions, sky maps, or any number of other 

intriguing astronomical chores. 

Messages are perhaps the most interesting part of a bulletin 

board. This is where the conversations occur. A bulletin board 

might have several different discussion areas you can go to. In 

any of these areas there might be several discussions going on 

at once as people from all over the United States and beyond 

share their ideas and experiences. 

IAU CIRCULARS 

Several of the astronomy bulletin boards carry the latest cir¬ 

culars from Brian Marsden’s group at the Central Bureau for 

Astronomical Telegrams. These International Astronomical 

Union circulars are enjoyable for many reasons, not the least 125 



An appreciation for such 

deep-sky beauties as M51, 

the spectacular Whirlpool 

Galaxy, is one of the com¬ 

mon interests that unite 

users of astronomical 

bulletin-board systems. 
This shot was taken with a 

seven-inch Questar. Photo 

by Hugh Entrop 
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of which is the sense of excitement that comes from seeing the 

latest developments flowing in from so many areas of astron¬ 

omy. 

From the Max Planck Institute of Radioastronomy in Ger¬ 

many comes an announcement: “We report the first detection 

of extragalactic CN, HNC, and C2H, and the tentative detec¬ 

tion of extragalactic HC3N from measurements carried out with 

the IRAM 30-meter telescope.” It isn’t too surprising that 

atoms of carbon, nitrogen, and hydrogen would find ways to 

combine just as they have on earth. There are enough atoms 

out there, and God knows they have certainly had plenty of 

time to bounce about looking for a good place to bond. 

We should all have so much time and space to interact, but 

on the other hand, when carbon and nitrogen join to create 

CN, it is cyanide. And when hydrogen, nitrogen, and carbon 

bond, you have hydrogen cyanide, so maybe all unions aren’t 

spectacularly blessed. It was nice to see, though, that some of 

these molecules were found in M82, that neat galaxy that has 

soothed many an amateur and that one night at Riverside set 

some of us to wondering about the gulf of space and about 

what might be found upon such galactic islands if we could 

only get ourselves there and somehow find the time to knock 

around. 

From the out-of-this-world-looking radio telescope at Are- 

cibo comes word that a new pulsar has been found in the 

vicinity of M15. The data was gathered at that magnificent 

natural mountain bowl that has been turned into a vast re¬ 

ceiving dish, and then processed at the Cornell National Su¬ 

percomputer Facility. In another ten years or so, when we all 

have the equivalents of the Cornell Supercomputer sitting in 

a laptop box, it should be exciting to see what they will be 

playing with at Cornell and elsewhere. 

The circulars also provide the latest information on new 

comet discoveries, as well as the return of periodic comets. 

There was great joy the night I read that my friend David Levy 

had just found his fourth comet, Comet Levy 1988e. And in 

posting after posting I watched as the orbit was more firmly 

established and as the future-magnitude estimates came in. 

For a while it looked as if his comet might reach a magnitude 

of 6.9, and I was very much looking forward to that. But a 

later circular revised the estimate downward. 

In the parlance of the circulars, Levy was using a 0.4-meter 

f/5 reflector, but even without pulling out my pocket calculator 

I know this means he was using Miranda, the 16-inch with 

which he spends so many hours, and that his other favorite, 

Minerva, was for the moment idle. 

There are many variable-star postings. A report from Italy 

shows that KR Aurigae is rapidly increasing in brightness. And 

from England comes the discovery of a new variable in An¬ 

dromeda. Meanwhile, the AAVSO reports that the cataclysmic 

DO Draconis is erupting. 

So the IAU circulars by themselves would be enough to 

make the boards a great place to spend time. But there is much 

more. 

Humor will sometimes find its way onto the boards. On the 

Epoch 2000.0 bulletin board, someone supposes that the rea¬ 

son his car seems to have skidded more during the past winter 

might have been “the weakening of the universal gravitational 

constant.” 

It is fun to see two people trading messages without realizing 

just how many miles lie between them. One exchange on Epoch 

2000.0 had one amateur advising another on mount designs. 

A message ended with the hope that the two could meet at 

the next meeting of the Colorado Springs Astronomical So¬ 

ciety. The response was, “Sorry I cannot attend the meeting, 

I live in Massachusetts!” 

In many ways these bulletin boards are reintroducing the 

arts of essay and discourse that many had feared would be lost 

forever in the age of television. Phil Sommers, the creator of 

Epoch 2000.0 in Colorado Springs, introduced one new area 

of conversation in this manner: 

“You probably have read the great reviews on the new book 

Introduction to Asteroids by Clifford }. Cunningham. It is avail¬ 

able from Willmann-Bell, Inc., P.O. Box 35025, Richmond, 
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VA 23235. ... I expect to be getting my copy real soon. If 

there is sufficient interest, I would like to discuss it page by 

page, chapter by chapter on the BBS.” 

Sommers’s bulletin board has a fine introductory astronomy 

course that you can download and study. Separate segments 

explain areas such as parallax, proper motion, star formation, 

the thermonuclear process, stellar evolution, the coordinate 

system, and stellar magnitude. 

Each bulletin board has its own flavor, reflecting the thoughts 

and spirit of the one who created the board and of those who 

have been drawn to it. The Star Board Information Service 

welcomes you aboard each time with its “Astroquote of the 

Day.” In the wee hours of this particular day the quote is from 

former astronaut Jim Irwin: “I felt God’s presence with me on 

the moon.” 

Once inside the StarPort System, you can walk down many 

different paths within the message area. One key stroke will 

take you to General Astronomy, where you can read the flow 

of messages as some persons raise questions and others respond. 

Returning to the main menu starting point, another keystroke 

will put you on the track of Deep Sky discussions. Other mes¬ 

sage areas include Solar System, AstroEvents, AstroBooks, 

AstroComputing, AstroPhoto, AstroEquipment, and Space. 

In the AstroPhoto message area I found a posting from 

someone who was just starting off: 

“Well, got my ‘first’ astrophotos back. Not really great, but 

I guess not too bad for my first attempt. The photos of Venus 

& Jupiter (piggybacked) came out nice. And I got a really great 

shot of the Pleiades and Taurus. I am going to have that one 

printed. Other than that there’s not much to see. Now that 

I’ve got the polar alignment down I will probably attempt it 

more often.” 

Elsewhere on the board there are files that can be opened, 

NEW HORIZONS read, and, if you like, printed out, covering such areas as as- 

AMATEUR ASTRONOMY tronomy history, cometary nuclei, cyclotrons, the Hubble Space 

- Telescope, the Jet Propulsion Lab’s Thousand Astronomical 

128 Units Project, history of the planets, summer constellation 

viewing, supernova emissions, and an account of Voyager's 

encounter with Uranus. 

In yet another area of the bulletin board there is a software 

library from which you can download astronomy programs 

direcdy into your computer. There are dozens of programs, 

ranging from an animated trip through the galaxy, to star maps 

and Messier and NGC locaters, to more technical programs 

covering areas such as CCD exposure times and the calculation 

of orbits for asteroids and comets. 

Nearly all the bulletin boards are free to users. Bulletin boards 

encourage you to upload astronomy programs to increase the 

offerings of the board’s library. But even this isn’t essential. 

They mostly just want to facilitate the gathering of amateurs 

and professionals for an electronic meeting of the minds. 

T. S. Kelso of Austin, Texas, the creator of Celestial CP/M, 

and Phil Sommers of Epoch 2000.0 both say that the real 

expense is time—it requires about one or two hours a day to 

keep everything running smoothly. 

The Star-Net bulletin board encourages its users to consider 

joining a not-for-profit organization with a modest yearly do¬ 

nation. The money is to go toward the purchase of remotely 

controlled telescopes located in great dark-sky areas. As a mem¬ 

ber you would be able to tune in with your computer monitor 

to see what the telescope was seeing. 

“This saves having to drive far from town, and makes in¬ 

struments far away be within reach,” says an explanatory note 

on Star-Net. 

“We don’t expect that seeing images on TVs, computer screens, 

printers, or even computer-enhanced photos will replace using 

direct optical viewing,” the Star-Net message says. ccWe do 

think the benefits are major. . . . And, where else can you have 

a chance to observe from home without frostbite or mosquito 

bite?” 

Star-Net has a section called Name Dropping, in which it 

has an impressive listing of the affiliations of some of its mem¬ 

bers. It shows that some of them work at places such as: NASA’s 

Kennedy Space Flight Center, Johnson Space Flight Center, 



Computer bulletin boards 

are nice because on nights 

when it is too overcast to 

visit old favorites like the 

Double Cluster in Perseus, 

you can at least sit down 

at your computer and con¬ 

verse about them. Photo 

by Herman Dittmer 
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Goddard Space Flight Center, and Ames Research Center; 

Morton Thiokol; AT&T; Bell Labs; RCA; the National Sci¬ 

ence Foundation; the Defense Intelligence Agency; Vanden- 

burg Air Force Base; Hughes Aircraft; General Electric’s Space 

Division; and Nissan Aerospace in Tokyo. 

NATIONAL ASTRONOMY ECHOMAIL 
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Long-distance telephone rates are pretty cheap in the middle 

of the night, especially when you are taking advantage of or¬ 

ganizations such as Telenet that offer unlimited late-night tele¬ 

phone use for a modest monthly fee. However, there is another 

method of routing your messages that will enable you to reach 

all corners of the nation for free. 

National Astronomy Echomail is based on a volunteer net¬ 

work of computer bulletin-board operators who pass electronic 

mail back and forth, absorbing the long-distance charges them¬ 

selves so that a user on a board in San Diego, for instance, can 

send a message to a friend who reads a bulletin board in Boston— 

for free. 

There are perhaps one or two dozen bulletin boards in this 

country dedicated solely to astronomy. But more than one 

hundred other bulletin-board systems have significant astron¬ 

omy sections and participate in the Echomail exchange. 

Browsing through the Echomail section provides a nice pic¬ 

ture of what is happening in amateur astronomy across the 

land. An amateur in Metuchen, New Jersey, recently sent this 

message: 

“Wow!! Finally I found a BBS that carries an Astronomy 

echo! . . . Take care and good observing to all.” 

Another posting came from someone in Michigan: 

“Anyone interested in a partner for viewing the stars, leave 

message.” 

Plenty of advice is handed around—such as how to remove 

the mirror cell and hack off an inch of tubing to provide ad¬ 

ditional outfocusing for astrophotography. When someone sent 

an Echomail message asking advice on inexpensive telescopes, 

the Coulter eight-inch Dobsonian was praised repeatedly. And 

much of the rest of the industry was rapped on the knuckles 

for raising prices and dropping quality during the rush for 

Halley’s Comet. 

In the area of light pollution, a call to arms was also sounded: 

“The U.S. Naval Observatory is currently involved in a do¬ 

or-die struggle against a developer who wants to build con¬ 

dominiums along the Observatory’s western perimeters. IF 

THESE UNITS ARE BUILT IT WILL MEAN A SERIOUS 

DECREASE IN THE ACCURACY OF THE USNO’S AS- 

TROMETRiC DATABASE! . . . The developer is a limited 

partnership that seems to have more money than God, judging 

from the number of lawyers they have working on the case.” 

When someone said he was thinking of selling an old Celes- 

tron eight-inch, he was cautioned against parting with the old 

to buy the new. A story was told about a friend who was out 

observing one night with an older C-8 when a drunk driver 

plowed into the telescope, dragged it forty feet, and then bashed 

into the amateur’s automobile. The story concludes: “His 

C-8, which was an older style, just needed recollimating and 

a new paint job and it was as good as new. We were all surprised 

that it survived and the car didn’t.” 

Someone else posed the question of whether a space-based 

telescope could look far enough back in time to see the Big 

Bang. 

Writing of deep-sky objects, one amateur reported: 

“I have seen the Horse Head using a 12.5 f/4.7 Newtonian 

on an excellent night and had to do some very serious looking 

to make sure of what I was looking at. But it was the Horse 

Head and it was very impressive!!! . . 

When a new bulletin board is created and a plea is put out 

for astronomical programs, other board operators send Echo- 

mail offering copies of their complete software libraries. 

And there is always discussion of equipment. Someone who 

has maxed out an Astroscan with a 7mm Nagler eyepiece posts 



a message asking for advice on how he can provide his As- 

troscan with an equatorial mounting. Someone else asks for 

advice on the best sources of timing belt gears. And the merits 

of PVC as a mounting material are discussed. Someone sug¬ 

gests strengthening the PVC by placing wooden plugs at each 

end. Another suggests filling the PVC with foam or honey¬ 

combing. And another suggestion is to pack it with wet sand— 

though the suggester admits this would limit portability. 

Amateurs aren’t the only astronomers prowling the elec¬ 

tronic realms of bulletin boards. One professional astronomer 

sent this dispatch out on Echomail: 

“Pm a professional astronomer, and I’ve been looking for a 

good photo of M96 (aka NGC3368). For a Messier object, it 

seems to have gotten relatively little exposure. It does appear 

in the Hubble Atlas, but it’s not a great picture. I’m looking 

for a fine-grain photo that shows both the inner bright region 

and the faint outer arms, which extend to about eight arcmin 

diameter. While I can’t offer money, if it’s of suitable quality, 

I can get your photo published in a professional journal, men¬ 

tion your name in the caption, and get you a bunch of offprints, 

in connection with an article I’m writing. Please contact me if 

you’re interested.” 

Perhaps the breadth of the boards can be shown by going 

from the message above to the message below: 

“We are novices when it comes to telescopes—my nine-year- 

old son and I. However, we were given a small reflector tele¬ 

scope. When we tried it, it didn’t work too well, and I suspect 

misalignment of the big mirror and the one that reflects into 

the eyepiece. Can anyone recommend where (preferably in the 

Worcester-Boston area) we could go to get it checked and 

corrected, or where we could send it to have this done? Thank 

you.” 

So there they are. The bulletin boards, a place where a profes¬ 

sional can search for galactic photographs, and where a father 

can come in search of help for his nine-year-old son. 

Astonishing in some very nice ways. The computers that 

some feared would depersonalize us are bringing us together 

in the middle of the night. There is a flow of information out 

there, a sharing of knowledge. And powering it all is a great 

passion for astronomy. 
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Epilogue 

It has been a year since I began researching this book, and a 

fine year it has been. I built my first telescope, swore I would 

keep it forever, but then when Christmas came I decided to 

give it away. My guerrilla-astronomy pal Kym Wells helped 

me immediately build another, and on rainy Seattle nights we 

would sit around my place pawing through current and past 

issues of Astronomy and Sky & Telescope. And we would explore 

the magnificent database of Burnham’s Guide, creating lists of 

the objects we would look at whenever the skies decided to 

clear. 

With an Astroscan slung over one shoulder, we went cross¬ 

country to escape city lights, sometimes up into the mountains, 

and other times along the railroad tracks on the shores of Puget 

Sound. These were mainline tracks, and with a steep bank on 

one side of them and lapping waves on the other, there was 

not much room for comfort when the freight trains thundered 

by, every half-hour or so, throughout the night. 

And as winter gave way to spring, and as the great hunter 

Orion began slipping toward the horizon, I remember Kym 

saying, “Fm going to miss that dude when he’s gone.” 

The world of amateur astronomy is a wonderful one. It keeps 

you looking upward, no matter where you are. Astronomy is 

something that can always be with you, even when your tele¬ 

scopes are at home. Riding in a motorboat at midnight on 

Lake Como in the north of Italy, I settled my head back to see 

familiar friends that were passing through the foreign sky. 

Yet with a small enough scope, you can carry something 

with you just about wherever you go. Sometimes carrying my 

copyscope, other times my Astroscan, I try to have something 

with me while Pm on the road. 

At a weekend scientific retreat along the coast of Washington 

state, I took leave of a late-night discussion of the fate of our 

world. As scientists, professors, and authors spoke of awesome, 

frightful technologies that were going to come, I found a wee 

bit of a knoll and carried to its top my Astroscan and then two 

flat rocks—one for the telescope to sit on and one for me. 

In ones and twos, throughout the night, the conferees wan¬ 

dered out to look through my scope. Perhaps what they saw 

that night will infuse them with a more universal wisdom that 

might steer them toward goodness as they create the technol¬ 

ogies that will shape our tomorrows. 

I think of John Dobson whenever I provide access to the 

stars for someone who has never looked through a scope before. 

In the hills above Santa Cruz, California, at the home of a 133 



visionary for Apple Computer, I sit on a deck while the others, 

save for the son, have gone to sleep. The son’s name is Tristan 

and from the first moment he looks through the scope, I can 

sense from his reaction that he is hooked, I hope for life. 

Amateur astronomy is fun. It is setting the alarm for three 

in the morning to drive to a friend’s house and, with mugs of 

hot coffee in the backyard, celebrate the season’s first view of 

Saturn, all majestic and magical-looking through an eight-inch 

Newtonian. 

And amateur astronomy is adventure. It is spending the 

night with a 24V2-inch Cassegrain all to yourself, and in the 

morning dragging a ladder to the opening of the observatory 

dome to watch the sunrise, before closing things down and 

spreading out a sleeping bag beneath the great telescope and 

having dreams about the celestial night. 

And amateur astronomy is service to science. David Levy 

has just had an asteroid named for him to honor his dedication 

to comets. And as I write this in California, comet hunter Don 

Machholz and variable-star observer John Griese are in Vic¬ 

toria, Canada, being honored for their contributions to the 

field with the Western Amateur Astronomers’ Caroline Her- 

schel Astronomy Project Award. 

And in the end, amateur astronomy is about having a love 

for and a sense of kinship with the worlds beyond our own. 

It is the ability to infuse the physics of galactic formation with 

the charming insights of a John Dobson when he explains, 

“They are all born in bunches, and chew each other’s ears like 

puppy dogs.” 

I wish for all of you Clear Skies and Great Adventures! 

Grant Fjermedal 

Cupertino, California 

June 1988 
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Altazimuth: A telescope mounting that, much like a camera 

tripod, allows the telescope to be moved vertically (in altitude) 

and horizontally (in azimuth). Popular with comet hunters. 

Aphelion: The point in the orbit of a comet, planet, or man¬ 

made satellite at which the object is farthest from the sun. 

Ascending nodes: The angle in degrees, as seen from the sun, 

from the first point of Aries to the point where a comet or 

other object crosses the ecliptic moving upward. 

Ascension: The celestial equivalent of longitude. 

Asterisms: A group or cluster of stars forming a pattern, but 

not necessarily a constellation. 

Azimuth: A point on the observer’s horizon, based on east = 90°, 

south = 180°, west = 270°, and north = 0 or 360°. 

Declination: The celestial equivalent of latitude. 

Dobsonian mount: A type of telescope mount, created by John 

Dobson, in which the tube is held in rockers to allow for up 

and down (altitude) movement, while the base can swivel 360° 

for azimuth motion. Resembles old cannon mountings. 

Ephemeris (pi: ephemerides): An astronomical table or almanac 

giving the predicted position of a heavenly body for every day 

of a given period. 

Geosynchronous: Describing an orbital altitude of about 23,000 

miles, at which point the speed of the orbiting satellite matches 

that of the earth’s rotation. In effect, the orbiting object is 

floating above a fixed point on the earth’s surface. 

Julian date: The date based on the sequential counting of days 

and decimals of days from the arbitrarily selected zero point 

of noon, January 1, 4713 b.c. This system—freed of the im¬ 

precision of counting in years and leap years—is used in 

variable-star work and in other areas of astronomy, especially 

when computers are involved. 

Light-year: A unit equal to the distance that light travels in a 

vacuum in a year; about 6,000,000,000,000 miles. 

Messier objects: The 104 galaxies, nebulae, and other celestial 

objects listed in the Messier Catalog—the standard reference 

book written in the late eighteenth century by the French as¬ 

tronomer Charles Messier. Actually, six of the objects are ques- 



tionable and may have been comets, close but unrelated stars, 

or duplications. 

Meteor: The flash or streak of light caused by the friction of a 

meteoroid (typically cometary debris) interacting with the earth’s 

atmosphere. 

Meteorite: A meteoroid or a portion of a meteoroid that survives 

passage through the earth’s atmosphere and lands on the earth’s 

surface. 

Meteoroid: One of the seemingly coundess small, solid parti¬ 

cles—usually debris from comets or asteroids—traveling 

through space that become meteors when they enter the earth’s 

atmosphere. 

Nebulae, nebulosity: Nebulae (the Latin word for “clouds”) are 

vast collections of gas, mostly hydrogen, and interstellar dust. 

Nebulosity can also be used to describe the visual appearance 

of faint galaxies, globular clusters, and other indistinct objects. 

Newtonian: A reflector telescope in which a parabolic concave 

mirror reflects light to a secondary mirror which directs the 

image to the eyepiece. 

NGC objects: The more than 13,000 nebulous celestial objects 

(including over 12,000 galaxies) listed in the New General 

Catalog and its supplement, the Index Catalog. The NGC was 

published in 1888 by J. L. E. Dreyer. 

Perihelion: The point in the orbit of a comet, planet, or man¬ 

made satellite at which the object is nearest to the sun. 

Periods: The interval of time between successive occurrences of 

an astronomical event, such as two full moons. 

Schmidt-Cassegrain: A telescope that uses a concave and a con¬ 

vex mirror to increase the effective focal length. 

Spectrometer: An instrument for measuring the intensity of light 

by breaking it into its spectra. 

Variable stars: Stars whose brightness varies sometimes by sev¬ 

eral magnitudes. Intrinsic variables change in brightness because 

of actual changes within the star; extrinsic variables vary because 

of the eclipsing action of another star. 
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Resources 

Amateur Satellite Observers 

HCR 65, Box 261-B 

Kingston, AR 72742 

Jim Hale 

American Association of Lunar and Planetary Observers 

P.O. Box 16131 

San Francisco, CA 94116 

John E. Westfall, Director 

American Association of Variable Star Observers 

25 Birch Street 

Cambridge, MA 02138 

American Meteor Society 

Department of Physics and Astronomy 

State University of New York 

Genesco, NY 14454 

Astronomy Magazine 

625 East St. Paul Avenue 

P.O. Box 92788 

Milwaukee, WI 53202 

Reverend Kenneth Beckmann 

P.O. Box 240 

Lewiston, MI 49756 

Central Bureau for Astronomical Telegrams 

Harvard-Smithsonian Center for Astrophysics 

60 Garden Street 

Cambridge, MA 02138 

Bob Ferguson 

809 Gilardi Drive 

Petaluma, CA 94952 

International Amateur-Professional Photoelectric Photometry 

Dyer Observatory 

Vanderbilt University 

Nashville, TN 37235 

International Occultation Timing Association 

P.O. Box 7488 

Silver Spring, MD 20907 137 



David Levy 

The Jarnac Observatory 

Route 7, Box 414 

Tucson, AZ 85747 

Don Machholz 

5234 Camden Avenue 

San Jose, CA 95124 

National Aeronautics and Space Administration 

Lyndon B. Johnson Space Center 

Houston, TX 77058 

Michel Rudenko 

27 Bedford Court 

Amherst, MA 01002 

San Francisco Sidewalk Astronomers 

1801 Golden Gate Avenue 

San Francisco, CA 94115 
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Seattle Astronomical Society 

1017 South 251st Street 

Des Moines, WA 98198 

Tim McKechnie, President 

Karl Simmons 

Route 3, Box 1062 

Callahan, FL 32011 

Sky & Telescope Magazine 

49 Bay State Road 

Cambridge, MA 02138 

Stellafane Conference 

do Dennis di Cicco 

60 Victoria Road 

Sudbury, MA 01776 

Striking Sparks 

Sonoma County Astronomical Society 

P.O. Box 183 

Santa Rosa, CA 95402 
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Things to Read 

The Amateur Astronomer’s Handbook, 3rd ed., by James Muir- 

den. Harper & Row, 1987. A great source of nuts-and-bolts, 

hands-on amateur astronomy. 

Astronomy for Children Under Eighty, by John Dobson. VVS 

Publishers (5423 Hyde Park Blvd, Chicago, IL, 60615), 1973. 

This is a delightful introduction to the life of stars, and is a 

helpful tool for “arming yourself with information.” 

Atlas of the Heavens, by Antonin Becvar. Publishing House of 

the Czechoslovak Academy of Sciences, 1962, distributed by 

Sky Publishing. An atlas for amateur astronomers, it covers the 

sky down to magnitude 7.2. 

Burnham’s Celestial Handbook: An Observer’s Guide to the Uni¬ 

verse Beyond the Solar System, by Robert Burnham, Jr. Dover 

Publications, 1978. This three-volume set is a magnificent source 

of information—scientific, historical, and mythological. Every 

sidewalk astronomer should have Burnham’s. To get around 

the high price of a three-volume set, some people will sign up 

for the Astronomy Book Club when the complete Burnham’s 

is offered as the free bonus. That’s how I got my much-beloved 

set. 

The Cambridge Encyclopedia of Astronomy, edited by Simon Mit- 

ton. Crown Publishers, 1977. This is a fine reference work. 

A Complete Manual of Amateur Astronomy, by P. Clay Sherrod 

and Thomas L. Koed. Prentice-Hall, 1981. Another great 

sourcebook for the amateur. 

Cosmos, by Carl Sagan. Random House, 1980. Sagan is good 

at explaining the wonders of astronomy. The book also has 

some nice art and illustrations. 

Exploration of the Universe, 5th ed., by Abell, Morrison, and 

Wolff Saunders. College Publishing, 1987. This is considered 

by many to be the classic astronomy textbook. It is well written 

and lucid. It is a great book for your personal library because 

it provides so much information about what you are seeing 

through your eyepiece. 

The Galactic Novae, by Cecilia Payne-Gaposchkin. Dover Pub¬ 

lications (paperback), 1964. The classic book in the field of 

novae. Though the book is out of print, you should be able 

to obtain a reading copy through your local library system. If 

you decide you want a copy for your very own, you can begin 139 
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the romantic quest of searching used-book stores for it, or 

contact a professional book hunter. 

Galaxies, by Timothy Ferris. Sierra Club Books, 1980. An ex¬ 

pensive “coffee-table” book with beautiful photographs and 

nice explanatory text. 

The New Astronomy, by Nigel Henbest and Michael Martin. 

Cambridge University Press, 1983. The book provides a fine 

overview of gamma-ray and X-ray astronomy. This teaches you 

about the part of the universe you can’t see through your 

eyepiece. 

Night Watch, by Terence Dickinson. Camden House, 1983. 

Very popular in Canada (and is also available in the United 

States), this spiral-bound book has beautiful illustrations and 

nice writing. 

Norton’s Star Atlas and Reference Handbook, 17th ed. rev., by 

Arthur P. Norton. Wiley, 1986. If you have a traditional bone 

in your body you will want this slim but handsome Norton’s 

in your collection. It is less intimidating for the newcomer than 

other books, as it contains stars only to sixth magnitude. 

Observe: Comets: The Association of Lunar and Planetary Ob¬ 

servers Comet Observer’s Guide, by Stephen Edberg and David 

Levy. Astronomical League, 1985. This is a handbook for 

serious amateurs who want to observe comets—and create their 

own hunting programs to find a comet of their own. 

Observe: Meteors: The Association of Lunar and Planetary Ob¬ 

servers Meteor Observer’s Guide, by Stephen Edberg and David 

Levy. Astronomical League, 1986. An introduction and guide 

to creating your own meteor observation program. This book 

includes report forms, instructions, and a small section for 

teachers who wish to encourage their students to observe. 

Observing Earth Satellites, by Desmond King-Hele. Van Nos¬ 

trand Reinhold, 1983. A fine book on satellite observing. It is 

nicely written and packed with information. 

Observing Variable Stars: A Guide for the Beginner, by David 

H. Levy. Cambridge University Press, 1988. Although smaller 

guides have been published, this appears to be the first major 

book designed to encourage people to go out and observe 

variable stars. In addition to providing a technical explanation 

of variable stars, the book explains how to work with the AAVSO 

to create your own variable-star observing program. 

Photoelectric Photometry of Variable Stars, by Douglas Hall and 

Russell Genet. International Amateur-Professional Photoelec¬ 

tric Photometry, 1982. This is a good nuts-and-bolts guide to 

photoelectric photometry. 

The Red Limit, by Timothy Ferris. Bantam (paperback), 1979 

(hardcover edition, William Morrow, 1977). An enjoyable and 

easy-to-read look at cosmological developments. 

Sky Atlas 2000.0, by Wil Tirion. Sky Publishing, 1981. Tirion 

is acclaimed for the precision and clarity of his charts. The 

celestial positions are drawn for the year 2000—as opposed to 

the 1950 epoch used on some earlier sky atlases still on the 

market. This is a fine adas for carrying into the field. It allows 

for precision work with its mapping of stars down to eighth 

magnitude. 

Starlight Nights: The Adventures of a Star Gazer, 2nd ed., by 

Leslie C. Peltier. Sky Publishing, 1980. This book should be 

read for the joy of it. It provides a glimpse into the lifetime of 

happiness one person was able to find through a love of nature 

and a passion for stars. 

Stars: A Golden Guide, by Herbert S. Zim and Robert H. Baker. 

Golden Press, 1951, reprinted by Western Publishing, 1975. 

A classic. Part of the Golden Guide series, the book is simple, 

sweet, and instructive. In a quick and easy two-hour read you 

can learn a lot about the stars. 

The Stars Belong to Everyone, by Helen Sawyer Hogg. Double¬ 

day, 1976. This is a nontechnical treatment that provides an 



introduction to astronomy and a glimpse into the source of 

inspiration that humans find in the stars. 

The Universe for Children: How Astronomy-Minded Adults Can 

Help Children to Love the Sky, by David H. Levy. Everything 

in the Universe, 1985. This is a charming little book designed 

for parents, teachers, and others who are called upon to teach 

children about the stars. Contains helpful hints, stories, and 

suggestions for this activity. For all these reasons, it is a good 

fit for sidewalk astronomers. 

Uranometria 2000.0, by Wil Tirion, Barry Rappaport, George 

Lovi. Willmann-Bell, 1987. This is for the advanced amateur 

with a large telescope and the need for identifying fields in¬ 

volving stars down to 9th magnitude, and galaxies down to 

about 12th magnitude. 

Variable Stars, by Hoffmeister, Richter, and Wenzel. Springer- 

Verlag, 1985. This book won’t tell you how to set up an 

observing program, but it does provide information about what 

you will be seeing. The book is technical, but it spares the 

reader from plunging into math. 
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